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PREFACE 


Tus book compietes the course in Elementary Science from 
which it is suggested schools may select subject-matter for their 
own particular needs. 

The treatment is on the same lines as that adopted in Books I 
and II, chapters 1-9 being arranged so as to interlink the sciences 
as far as possibie. The remaining chapters deal with work which 
ought to find a place in a General Science course, or which it 
was necessary’ tc-include to meet the requirements of the more 
modern School Certificate General Science Examination Sylla- 
buses, e.g. that of the Northern Universities Joint Board. 

As in the case of the previous books, I have had the assistance 
of my colleagues, Mr. T. A. Morris, B.Sc., Mr. H. Dunnicliff, 
M.A., and Mr. W. E. Flood, M.A., in writing the text. Most 
of the work was done under very trying conditions, and I am 
very grateful to them for their efforts to produce the book in 
time to meet the demands of schools. Finally, I have to thank 
the various Publishers and Companies named, for their kindness 
in providing blocks aid photographs for the half-tone illustrations, 


J. M. HARRISON, 
BRISTOL GRAMMAR SCHOOL. 
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CHAPTER 1 ~ 


CARBON MONOXIDE. METHANE. COAL-GAS 


In Book II, Chaps. 16 and 17, we studied the commoner forms 
of the element carbon, the compound carbon dioxide and the 
carbonates. The element carbon enters into the composition of 
such a large number of compounds that it is customary to deal 
with most of them as a separate branch of chemistry, which is 
called organic chemistry. "Тп this chapter we shall make a simple 
study of carbon monoxide and methane, then we shall consider 
some more complicated carbon compounds which are of biological 


importance. 


A simple method of preparing carbon monoxide, CO 


The apparatus needed to make this gas is shown in Fig. 1; 
it consists of a Kipp's apparatus, for producing carbon dioxide 
(Book II, p. 190), connected to an iron tube (gas-piping) con- 
taining iron filings. This tube is heated in a small furnace 
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(3 burners) till itis red-hot. The delivery tube dips into a small 
trough containing a fairly strong solution of caustic soda. Why? 
A slow stream of carbon dioxide is passed through the red-hot 
iron tube, and, after allowing air to escape, two small jars of gas 
are collected. Р 
If the process is continued for some time, after allowing the 
iron tube to cool, the iron filings on examination are found to 


have a coating of the blue-black iron oxide. The reaction which 
takes place is : c 


3Fe + 420, + FeO; + 4CO. 


The simple properties of carbon monoxide 


The jars of gas collected in the above experiment are used to 
examine the properties of carbon monoxide. 


- The gas is colour- 
less and odourless ; it does not dissolve in water or caustic soda 


solution. Carbon monoxide has the same density as nitrogen, 
ie. it is a little less dense than air. 


Carbon monoxide readily burns with a characteristic blue 


flame. If lime-water is shaken up in a-jar in which carbon 


monoxide has been burnt, the liquid becomes milky ; the product 
of combustion is carbon dioxide : 


2CO + 0, + 2CO,. 


When a steady stream of carbon monoxide is passed over some 
heated copper oxide, 


the products are copper and carbon 
dioxide : 


СиО + CO ~ Cu + СО), 


Carbon monoxide is thus a reducing agent, and, as such, it plays 
an important part in the smelting of iron ore in blast furnaces 
(Book II, p. 185). 


The action of carbon monoxide on blood 


To obtain a solution of blood, after washing the hands, one 
finger of the left hand is dipped in acetone, to sterilise it. 
Starting from the base of the finger, string is wrapped round it 
working towards the tip. With a sterilised needle the finger is 
pricked near the “ quick,” and two or three drops of blood 


ә 


= CARBON MONOXIDE s a" 


collected in a boiling-tube half-full of water. The liquid thus 
obtained is diluted if necessary till it is yellowish. The solution 
is divided into two equal portions and coal-gas (p. 6) is slowly 
bubbled through one of them. The two solutions are now 
compared against a white background. That which has been 
subjected to the action of carbon monoxide is much pinker. 

Carbon monoxide very readily combines with the hemoglobin 
(Book I, p. 179) in blood, forming a stable compound carboxy- 
hemoglobin ; for this reason, it is a dangerous blood poison. 
Hemoglobin which has been changed in this way cannot do its 
ordinary work. А person breathing air containing 1 per cent. 
of carbon monoxide becomes unconscious in a few minutes and 
dies soon afterwards. 

In treating a case of suspected carbon monoxide poisoning, 
artificial respiration should first be employed. Oxygen should 
be given to the gassed person, who should be kept still and warm. 


Dangerous sources of carbon monoxide 


As carbon monoxide has no obvious odour, a person may 
inhale the gas without knowingit; there have been many fatal 
cases of carbon monoxide poisoning for this reason. 

Coal-gas to-day contains a fairly high percentage of carbon 
monoxide, so that leaks should be repaired without delay. The 
accidental extinction of lights, especially where slot-meters are 
used, may be a source of danger. v4 

Bathroom geysers, in which coal-gas is incompletely burnt, 
produce some carbon monoxide ; such geysers should not be 
used without a vent pipe or free access of air to the room. 

Anthracite stoves or coke fires give carbon monoxide, through 
incomplete combustion of carbon. Therefore the stoves must 
always be fixed so that the products of burning may pass up a 


chimney. Carbon monoxide flames are easily seen on top of a 


watchman's coke brazier, and such a fire should always be kept 


out in the open air. І 

When petrol vapour 1 
Car, the chief products 
But the exhaust gases а 
that the engine of a car should neve 


s exploded with air in the engine of a 
are carbon dioxide and water vapour. 
lways contain some carbon monoxide, so 
r be run in a closed garage. 
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Water-gas and producer-gas 

These two important fuels are mixtu 
contains carbon monoxide. 
previously (Book II, p. 12) ; 


white-hot coke. and is a 
monoxide : 


res of gases, each of which 

Water-gas has been mentioned 
it is made by passing steam through 
mixture of hydrogen and carbon 


C + H0 > Н, + со. 


As this operation proceeds 
steam has to be cut off, an 
becomes white-hot. The a 


Hydrocarbens 


Many compounds are 
elements carbon and 
called hydrocarbons, 
hydrocarbons with carbohydrates (p. 14), 

The simplest hydrocarbon is methane, CH, ; it is also called 
marsh-gas, as it is formed by the decay of vegetation in marshy 


pools and Streams. Miners call it fire-damp, for it is enclosed 
within the coal in certain mines and may cause serious explosions. 
Much of the gas es 


caping fi i 
pa Ping from petroleum wells (p. 12) is 


Other examples of well-known h 
- ydrocarbons are acetylene, 
СНз, benzene, CoH, obtained from coal-tar (p. 11), turpentine 
2s petroleum ; the last two are mixtures of various hydro- 
carbons, 


known which are composed of the two 
hydrogen only ; all these compounds are 
You should be careful not to confuse 


A simple method of Preparing methane, CH, 
The apparatus required for ma 


king methane is Shown i 
Fig. 2. The flask contains a few м 


grams of aluminium’ carbide, 


о 
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and the tap-funnel is filled with dilute hydrochlor acid. 
The acid is dropped into the flask steadily, methane being given 


Fic. 2. 


off with little or no heating. The gas is collected over water 
after air has been displaced from the apparatus. The reaction is : 


Al,Cs + 12HCI + 4AICI; + 3CH,. 


The simple properties of methane 

Methane is a colourless gas, without any odour when pure ; 
as prepared above it will probably contain impurities, from the 
carbide, which give it a distinct odour. Methane is almost 
insoluble in water ; it is rather more than half as dense as air. 

Methane burns, and, when the gas is pure, the flame is almost 
non-luminous. The products of combustion are carbon dioxide 
and water vapour : 

CH,4-20; > CO; + 290. 

A mixture of methane and air (or oxygen) in certain propor- 
tions is explosive ; special lamps (Book I, р. 234) are used by 
miners to avoid the ignition of such explosive mixtures. 


Expr.—To prepare crude coal-gas- T 
Th hown іп Fig. 3 is first set up. Note the position 
A ^ pios Ped Put на pieces of ordinary coal into the 


Retort Зетине 


[By permission of the British Commercial Gas Association, 


Fic. 4.—PLANT FOR THE MANUFACTURE AND PURIFICATION OF COAL-GAs. 
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tial, and in “ running іп ” engines of various kinds, so that the 
cylinders are kept clean for inspection. 


) In addition to coal-gas, this 

industry produces important 

(3 J> Hydraulic by-products, e.g. coal-tar, from 
ain 


which miany valuable sub- 
stances are isolated (p. 11). 
The various stages in the 
manufacture of coal-gas, illus- 
trated in Fig. 4, are as follows : 
(1) Retorts.—The coal is dry- 
distilled or “ carbonised ” in 


Crud 
Gas. 1 


HORIZONTAL RETORT. 


Fic. 5. these. The retorts are either 
vertical or horizontal ; we shall 
N cross-section’ аге Q-shaped. 
door, and they have exit pipes 


only consider the latter, which i 
At each end they are fitted with a 


Industrial Newspapers, Ltd. 


Fic. 6.—GENERAL View or RETORTS. 
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as indicated in Fig. 5. Retorts are of various sizes ; they are 
made of fire-clay or silica and hold up to 1 ton of coal. Asa 
rule, they are arranged as shown in Fig. 6; each group of 
10 retorts is set in a separate bay and heated to a temperature of 
over 1,000? C. by burning producer-gas. This is made in a 
special furnace below the retorts. In a large works as many as 
300 retorts will be found in an installation. 

The coal is heated in the large retorts for 12 hours. One of 
the doors is then opened and the remaining gas ignited ; this 
operation is carried out for several retorts. The other door is 
then opened on each of these retorts, then by means of a kind of 
ramrod from a special machine, which can be manipulated along- 
side, the red-hot coke is pushed out. This is either fed into the 
producer-gas furnace or quenched and conveyed to the yard. 

After discharging several retorts, the same machine weighs out 
and “ throws " the required weight of coal into the empty retorts 
in turn, the doors on the opposite side having first been closed. 
The near door is closed as soon as the charge has been put in, an 
operation which only takes a minute or so for each retort, and 
so the carbonisation of the coal proceeds. 

(2) Hydraulic main.—The exit pipes from the ends of all the 
retorts pass up to a large pipe which runs horizontally over the 


" bench of retorts; this large pipe is the hydraulic main. It 


serves (a) to collect the crude gas, 
(b) to cool the gas to a certain 
extent, and (c) as a trap, when the 
retorts are opened. 

(3) Condensers or coolers.—The 
hot impure gas next passes through 
some form of condenser; Fig. 7 
illustrates a modern, water-cooled 
type. As the gas passes up 
through the vertical es it is 
cooled by the surrounding water. - 
Certain tapoi condense and the CONDENSER. 
resulting liquids trickle down and 


collect in the bottom compartment 
of the apparatus. The liquids run off to the tar well and 


separate into (a) ammoniacal or gas-liquor, and (b) coal-tar. 
1* 


Fig. 7. 


SCRUBBER. 
Fic. 8. 
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The next piece of the plant is a kind of 
“ pump ” which draws the gas along to this 
stage and pushes it through the rest of the 
system. 

(4) Scrubbers or washers.— The gas is still 
not fit for use, and it is next washed in 
scrubbers. These may be towers packed 
with coke or planks of wood; the gas 
passes up the towers, water being sprayed 
in at the top to trickle down the packing 
material (Fig. 8). 

Rotary scrubbers (Fig. 9) are more 
efficient ; in these, discs are rotated within 
compartments. The discs are kept wet as 
they revolve through the washing liquid, 
and the gas has to pass over their wet sur- 
faces. 

The scrubbers remove soluble gases, 


especially ammonia and hydrogen sulphide. The liquor from 
the scrubbers is added to 


the gas-liquor. 


(5) Purifiers.—The gas 
still contains some hydro- 
gen sulphide, H;S, and 
Баз companies аге com- 
pelled by law to remove 
it. The reason for this is 
that hydrogen sulphide 


burns giving sulphur di- 
oxide, 


PURIFIER, 
Fic. 10. 


— To 
C RR ^ 


ап objectionable and poisonous gas. 


| 


ROTARY SCRUBBER. 
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The purifiers are 
large iron boxes (Fig. 10) 
containing layers of iron 
oxide with which hydrogen 
sulphide reacts to form iron 
sulphide. 

In a modern Works, the 
gas is next dried by passing 
it through a scrubber con- 
taining a strong solution of 
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calcium chloride ; it is then washed with oil to extract benzene 
vapour. Finally, the gas is collected in some form of holder 
(gasometer) over a layer of oil, floating on water. 

One ton of coal gives an approximate yield of 12,000 cu. ft 
of gas. | 


Some important by-products of the gas industry 


When the coal has been “ carbonised," the residue in the 
retorts is coke. Much of this is used in the gas works for making 
(а) producer-gas to heat the retorts, and (b) water-gas (p. 4) 
to mix with the genuine coal-gas. А good deal of the coke is 
carefully graded and sold as a fuel for household hot-water 
boilers. à 

Gas-liquor from the condensers and scrubbers contains about 
2 per cent. of ammonia; this is not so valuable as formerly, 
owing to the manufacture of ammonia from nitrogen and 
hydrogen. However, the ammonia is extracted by heating the 
gas-liquor mixed with slaked lime ; itis converted into ammonium 
sulphate or chloride (Book II, p. 16). 

Coal-tar is a very complex mixture from which many important 
substances are extracted. The coal-tar is distilled, fractions 
being collected over certain temperature ranges. These 
fractions on re-distillation and chemical treatment give, among 
many others, the following substances. 

Benzene or benzol, СбНб-ивей in motor spirit; for making 
aniline (p: 59), which is converted into dyes and drugs. 

г toluol, C;H;.CHs—for making T.N.T. (p. 60) and 
e.g. almond essence. : 
C,H;.OH—for making picric acid 


Toluene o 
flavouring substances, 

Phenol or carbolic acid, 
(p. 60) ; dyes and drugs, e.g. aspirin. 

Naphthalene, CioHs—for moth-balls, firelighters, and for the 
manufacture of dyes, e.g. indigo. 

Creosote—for preserving wood, e.g. railway sleepers. 


Tars—for spraying roads and waterproofing felt. 


Pitch—the black substance used as an insulator, 
tops of dry batteries- 


e.g. on the 
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1,500 Ib. coke 


Gas-liquor yielding 7 Ib. ammonium sulphate 


E lb. benzene 
3 Ib. toluene 
120 Ib. pts es Ib. phenol 

6 oz. naphthalene 


80 Ib. pitch. 


The iron sulphide from the purifiers, whe exposed to the air, 
changes back into iron oxide, sulphur being set free. The iron 
oxide is used several times in the purification of gas, but even- 
tually when the proportion of sulphur is high enough, it is used 
in the manufacture of sulphuric acid (p. 179). 


1 ton of coal may give 


Petroleum 


Methane is the simplest member of a closely related family of 
hydrocarbons called paraffins, a name which implies that these 
compounds do not react much with other substances. However, 
they are substances of importance, for mixtures of different 
paraffins occur in petrol, paraffin oil, lubricating oils, vaseline 
and paraffin wax. 

These substances are obtained from petroleum, mineral oil 
which is found in the United States, Russia, Rumania, Mexico, 
Iran, etc. The great importance of this substance may be 
gauged from the fact that world production is some 200 million 


tons. The crude oil varies in colour from pale brown to black 
and it may be as mobile as water or as “ thick ” 
also varies in com 


f ns water, and above the 
oil there is natural gas. > h 
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In boring for oil, the hole is drilled out and lined with steel 
tubing. On reaching the oil, the liquid may be forced out by 
gas under great pressure forming a “ gusher,” it may flow gently, 
or it may be necessary to pump the oil to the surface. 


SECTION OF ROCKS CONTAINING OIL, SHOWING WELL 
WHICH HAS STRUCK OIL. 


Fic. 11. 


The oil is transported from the wells by pipelines to refineries. 
Refining is a distillation process coupled with chemical treatment 
to remove unwanted impurities. 


Petroleum products and their uses 
The more important substances obtained from petroleum are : 
Petrol.—Motor fuel of various grades; a solvent for grease 


and rubber. L у ? 
White spirit.—A substitute for turpentine; used in metal 


polishes. АИ: 4 
Paraffin.—For illuminating and heating purposes. 
Gas oils.—Fuel for Diesel engines ; used in gas works to 


enrich the gas. 
Lubricating oils. 
to motor engine oil, 
Paraffin wax.—F 
Coverings. j deem 
Petroleum jelly, i.e. vaseline.—For creams anc oin ments, 
Fuel oil.—For producing steam power on ships, etc. — 
Asphalts.—For road construction, roofing felt, bituminous 
Paints, ; 


—Of various grades from sewing machine oil 


etc. ; medicinal paraffin. 1 
or candles, jam-pot covers, insulating 


CHAPTER 2 


SOME IMPORTANT CARBON COMPOUNDS 


In Book I it was pointed out 
elements essential for life is very fe 
carbon, hydrogen and nitrogen. 


that the number of chemical 
W, the chief ones being oxygen, 
We have also learnt that plants 
ces, e.g. carbon dioxide, water, 
and phosphates. On the other 
y of more complex compounds, 


Carbohydrates 


We know a very large number of Compounds which are com- 
posed of the three elements carbon, hydrogen and oxygen. The 


are amongst them and these all contain the elements 
hydrogen and oxygen in the prop 


have the general formula C,H 
impression that th 


celluloses. Of t 


2 and sucrose (cane su ar) 
СНО. We shall n ( gars 


ot attempt to distinguish between the 
or cellulose, 


Р апа * ltis manufactured on 
a large scale for use in making jam and co, 


nfectionery, and in the 


1 by boiling some form of 
starch, e.g. from maize or potatoes, with dilute sul 1 
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and the solution is decolourised by means of animal charcoal. 
The solution is concentrated in vacuo and left to solidify. 

Commercial glucose is a pale brown solid ; like most sugars 
it tastes sweet, but it is not so sweet as cane sugar. 

If a solution of glucose is added gradually to hot Fehling's 
solution, the deep blue colour of the latter disappears and a red 
precipitate of cuprous oxide is obtained. 

Cane sugar is familiar to all of you. It is found in sugar-beet 
and the sugar-cane, and occurs in many other plants as a food 
store. The manufacture from sugar-beet and sugar-cane is a 
very important industry ; the world's annual consumption of 
sugar is many millions of tons. 

Тће roots of sugar-beet are washed, sliced and soaked in water, 
so that the sugar can diffuse out of the plant cells (Book II, p. 18). 
The sugar-canes are passed between rollers to squeeze out the 
juice. The resulting liquids are treated with lime and then 
filtered, after which the liquid is concentrated in vacuo, allowed 
to cool and the.sugar crystallises. 

Raw sugar obtained in this way is refined by dissolving in 
water, filtering through animal charcoal, followed by evaporation 


in vacuo and crystallisation. | 
Cane sugar, unlike glucose, does not react with Fehling's 


solution. NM 

Starch is found in all green plants; it is one of the main 
reserve food-materials of plants, being present in the plant cells 
in small granules. Important sources of starch are potatoes and 
cereal grains, e.g. rice, wheat and maize. It is a constituent of 
plant seeds. , 

In the manufacture of starch from potatoes, after washing, 
the potatoes are rasped to a pulp in a special machine to break 
the cell-walls. The pulp is washed on sieves which retain the 
tissue but allow starch granules to pass. | The starch is allowed 
to settle, and after running off the water, 1t 1s dried. | 

The general formula for starch is (CgHi0O5)n, where л is а 
Very large unknown number. ж 4 А 

Starch is detected by the deep blue colouration which a solution 
Of it gives with a very dilute solution of iodine (Book II, p. 34). 

Cellulose is the chief constituent of the cell-walls of plants ; it 
is familiar to you all as cotton-wool and filter paper; it is an 


16 ELEMENTARY GENERAL SCIENCE 


essential constituent of wood. Cellulose does not dissolve in 
water and is not easily digested by most animals. 


Fats 


These substances are compounds of carbon, hydrogen and 


oxygen, but their oxygen content is much less than in the case of 
carbohydrates. We obtain fats from animal tissues by p 
ing," i.e. merely heating the tissue or boiling in water as in the 
extraction of whale-oil, and from seeds of certain plants, e.g. flax 
(linseed) or cotton, by crushing and heating the ground-up seeds. 

These substances may be solid (e.g. beef-fat and mutton-fat) 
or liquid (oils). Each fat is a kind of salt which is derived from 
glycerine (glycerol) and an organic acid. Thus, the chief cons 
stituent of beef and mutton fats is tristearin or glyceryl tristearate : 


CH;.OH HO.OC.C,;H5; CH;.OOC.C;;H;; 


CH.OH + HO.0C.CHs, > CH.O0C.C,Hs, + ЗНО 


CH,.0H HO.OC.C,;H3, CH2.00C.C,,Hy5 
1 тој, glycerol 3 mols. stearic acid 1 mol. fat 
Compare, NaOH + HCl > NaCl + H,0. 


Palm oil is the glycerine salt of palmitic acid, while olive oil 
is the glycerine salt of Oleic acid. 


Fats are insoluble in water, but th 
If a solution in ether 


quickly evaporates ап 


ey dissolve readily in ether. 
is poured on to a piece of paper, the ether 


d leaves a greasy stain. Fats when treated 
with a 1 per cent, Solution of osmic acid become black ; this 


reaction is used as a test for a fat. The Teaction between fats 


and caustic soda solution to give soap and glycerol is one of 
great importance (p. 193). 


Proteins 


These important substances are chemical 
They contain the elements carbon, hydrogen, oxygen, nitrogen 
and sulphur, and often phosphorus. Proteins are an essential 
part of living matter. They are solids or visco 


us liquids, which 
usually coagulate on heating, e.g. white of egg. They react with 


ly very complex. 
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concentrated nitric acid to give yellow substances, which become 
orange on the addition of a solution of ammonia. Typical 
proteins are albumin (white of egg) and casein in milk. 

Proteins cannot be made in the laboratory, but we know that 
they are derived from amino-acids. These substances are 
organic acids containing an amino-group, —NH», the simplest 
being amino-acetic acid, Н-М.СН..СО.ОН. 

When proteins are broken down within the living body, they 
are converted into simpler nitrogen compounds for excretion. 
Thus, animals excrete urea, CO(NH;)s, in urine, 


CHAPTER 3 


CARBON ASSIMILATION AND THE CARBON 
CYCLE 

Chemical compounds in green plants 

Protoplasm, the living material of 
chemically of a number of proteins 
present, or the protoplasm dies. Plants and animals also 
contain reserves of carbohydrates and fats, which are used as 
fuels (p. 34). Large quantities of them are often accumulated 
in special storage organs, such as b 
contain them as food fo; 

We have seen alread 
are relatively complicated compo 
does ‘not, however, 
made. About the y 
Helmont, planted a 


plants and animals, consists 
- Water and salts must be 


unds of carbon. A plant 
need to obtain these Substances ready 
ear 1620, a Brussels doctor, J. B. van 
200 Ib. of 
ing over 169 Ib., while the soil weighed only 
2 oz. less than before. Van Helmont concluded that 164 Ib. of 
tree had been formed from water alone. His conclusion was 
wrong, since he forgot that the air, which Surrounded the tree, 
might also play a part. The lost 2 oz, probably represented 
salts which had been taken up from the soil by the plant. Van 
' Helmont’s tree had made i compounds, of which 
it was composed, from air, water and salts, 
The source of carbon in a plant 
Cucumbers, tomatoes an 


; Or soil as 
No carbon is needed' in these solutions, 


plant must come from the air, pr 
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dioxide. Joseph Priestley, one of the discoverers of oxygen. 
showed that this was true by an experiment which we сап easil y 
imitate.! y 

Ехрт. 1.—To show that a green plant takes up carbon dioxide. 

Carefully dig up a plantain, and wash the soil from its roots with a 
gentle stream of water. Place it in a conical 5 
flask containing water, and stand the flask 
on a sheet of glass (Fig. 12). Stand a candle 
by the side and cover the two with a greased 
bell-jar. Remove the stopper from the bell- 
jar, light the candle, and replace the stopper. 
Describe and explain what happens. 

When the candle has finished burning, stand 
the whole apparatus in as bright sunlight as 
possible for 5-6 hours. (If it is impossible 
to finish the experiment during 1 day the 
apparatus should stand in the light for 2 
hours at least before continuing the experi- Fic. 12. 


ment on a later day.) Light a taper, remove 
the stopper and relight the candle, replacing the stopper as soon as 


possible. 


The experiment shows us that the plant took up the carbon 
dioxide which was produced by the burning candle, and replaced 
itby oxygen. The disappearance of the carbon dioxide can also 
be shown in the following manner, using a water plant. 


Expr. 2.—To show that a green water plant takes up carbon dioxide. 

Place 40 c.c. of distilled water in a boiling-tube, add 15-20 drops of 
brom-thymol-blue 2 solution, and the minimum amount of lime- 
water needed to turn the solution blue. Bubble carbon dioxide (or 
expired air) through the solution until the colour turns green. Place 
half the solution in one test-tube, cork well and leave as a control. In 
the other, place a piece of a water plant,” cork well, and place the two 
tubes in а good light for several hours. At the end of this time 
compare the liquids in the two tubes and account for any colour changes 
Which have occurred. 

1 The experiments in this chapt 
Spring, ‘vith, vigorously proving paan ы 
the solid ir 100 Sm mixture of 1 vol. alcohol and 4 vols. water. 
з Elodea, cladophora, starwort, pondweeds. 


er should be carried out on bright days in 
epared by dissolving 0-1 gm. of 
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In Expt. 2 the effect of the green plant is to turn the brom- 
thymol-blue back to the colour which was present before the 
addition of carbon dioxide. The plant removed carbon dioxide 
from the water. In Expt. 1 the plant removed carbon dioxide 


which was produced by the burning candle, and replaced it by 
oxygen. 


Is air the only source of plant carbon? , 


Although the proportion of carbon dioxide in the air is small 
(0:03 per cent) calculation shows that it is adequate for the . 
purposes of vegetable life. А tree, of dry weight 5 tons, needs 
тос Cubic mile of air to Supply the necessary carbon dioxide. 


During the life of the tree it would easily come in contact with 
more than this amount. 


Where is starch made? 


The commonest food reserve of plants is the carbohydrate 
starch. Its formula (С,Н,00;), Suggests that it might be made 
from water and the carbon which the plant obtains from atmo- 
Spheric carbon dioxide (р. 19). The question at once arises а5 


to which part of the plant makes the starch. Earlier work has 
given us the following clues : 


(а) Water rises from the Toots, up the stem and into the leaves. 


(b) Leaves have small pores, the stomata, by which carbon 
dioxide could easily enter. 


In view of these facts we are led to believe that starch is made: 
in the leaves. If this is so, we ought to be able to find it there 
by applying the usual test for starch (p. 15). However, if we 
applied the test directly to a green leaf, the colour due to starch 
would not be seen. Fortunately, chlorophyll, which is the green 


pigment in the leaf, can be removed by means of methylated 
Spirits, and the starch test can then be applied. 


Expt. 3.— To test for starch in a leaf. 

Take a young ee from a plant which has been in bright sunshine 
for 2-3 hours and immediately kill it by immersion for half a minute 

1 Тће leaf should be Soft. Plantain and geranium are Suitable Hard 
leaves (laurel) are decolourised slowly. Leaves of monocotyledons (onion, 
iris, grass) do not usually make starch. 
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in boiling water. To decolourise, cover the leaf with alcohol in a 
beaker and warm cautiously. When the green has been removed 
soften the leaf by dipping it into hot water, and tear it in two, keeping 
one half for comparison. Cover the other half with a pale straw- 
coloured solution of iodine in potassium iodide. If a blue colour 
does not appear quickly, wait for 10 minutes, wash the leaf and 
compare with the other half. 


The formation of starch 


Expt. 3 succeeds only when the leaves are taken from a plant 
which has been exposed to light for some time. This suggests 
that light is necessary for starch formation. We have already 
learned that water and carbon dioxide are probably the sub- 
stances from which starch is made. If, however, we have a 
solution of carbon dioxide in water, and keep it in the light, 
starch is not formed. Starch is only made by a green plant, and 
we therefore enquire whether chlorophyll is necessary for the 
process. 

We can test by experiment whether light, chlorophyll and 
carbon dioxide are essential for starch formation, but we cannot 


deprive a leaf of water without killing it. 


Ехрт. 4.—Is light necessary in starch formation ? 

Use a fuchsia plant which has been kept in complete darkness for 
48 hours or cover the young leaf of an outdoor plant with a com- 
pletely light-proof envelope for the same period. Black photographic 
paper is a suitable material for the envelope. After 2 days in darkness 
cover the selected leaf with a light-proof envelope from which a small 
square has been cut out to admit light to part of the leaf’s upper 
surface. Fasten closely to the leaf with paper clips, so that light 


reaches only the small square exposed area, and leave in a bright light 
for 4 hours. At the end of that time remove the cover and test the 


whole leaf for starch. What do you find ? 


Ехрт. 5.—Is chlorophyll essential for starch formation ? 

Н in kinds of geranium, maple 

Variegated leaves, such as those of certain g , map 

or spleen privet, have chlorophyll in the green parts only. Take a 
variegated leaf which has been exposed to light for some time. Draw 
the leaf, marking the green areas. Decolourise and test for starch, 
Do the "areas where starch is present correspond to the green areas 
of the leaf ? 
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Ехрт. 6.—Is carbon dioxide essential for starch formation ? 


Choose a plant whose leaves have long stems. Cut a twig with 
four or five young leaves, stand in water in a conical flask, place the 
flask in a dark cupboard and leave for 48 hours. After 48 hours take 
another flask with a very wide neck, or a jam-jar, and a cork with a 
wide hole. Place 10-15 c.c. of bench caustic soda solution in the 
flask or jar and shake to bring the liquid in thorough contact with the 
air in order to absorb carbon dioxide. 5 

Roll one of the leaves of the plant without injuring it, and push it 
through the hole in the cork. Fill up the hole with cotton-wool 


Cotton woor 
+ Limewater 


Caustic soda 
solution 


Fic. 13. 


soaked in limewater and fit the cork into 


the flask or jar (Fig. 13). 
Stand the apparatus in a bright light for Кер 


4 hours and ‘then test the 
] est also one of the other leaves. What 
conclusion can you draw ? 


The chemistry of starch formation 

We have learned that 
light all play a part in 
reason to believe (Expt. 1 
process. "his can be test 


carbon dioxide, water, chlorophyll and 
the formation of starch. We have 
) that oxygen is Produced in the same 


ed by experiment, 
Expr. 7.—Is oxygen given off by a &reen plant in sunlight ? 


Fill 8 250 c.c. conical flask with water containing calcium bicar- 
bonate (Bristol tap-water serves the Purpose well). Now put in the 


= 
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flask some tufts of a water weed (footnote, p. 19). Stand the flask in 
a trough as shown in Fig. 14 a, and expose to sunlight in the open. 
Bubbles of a gas collect in the weed and carry 
it to the top of the inverted flask. Shake at 
intervals to disentangle the bubbles. After 
several hours transfer the gas to a test-tube, 
using a deep trough or sink (Fig. 14 b). Find 
whether the gas will rekindle a glowing splint. 


The formation of starch can now be 
represented by an equation : 
А chlorophyll 
carbon dioxide+-water -> starch--oxygen. 
in presence of light 


The chlorophyll acts as a catalyst and is 
therefore not included in the left-hand side 
of the equation. Since the reaction is one 
of building up a complex compound with 
the help of light, the process is known as 
photosynthesis. It is chiefly the red and blue 
components which are responsible for the Fic. 14. 
process, the green component of the spect- 

rum being largely reflected from the leaf without taking part in 
photosynthesis. Sunlight is not essential, but is more effective 
than ordinary sources of artificial light. 

We should note that starch is not the first carbohydrate pro- 
duced during photosynthesis. Experiments show that the sugar, 
glucose, is first made and then converted into starch. Light is 
needed only for the production of glucose, which is thus the 
essential part of photosynthesis : 

chlorophyll 
de--water -> glucose-roxygen, 
in presence of light 


600, +6850 = СНіз06:-60:. 
lucose into starch is a reversible one : 


carbon dioxi 


or 


The further change of g 
glucose — water = 
t occur and glucose is stored as a 


starch. 


In some plants this does no 
food reserve. 
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Carbon assimilation 


The carbon, which is an essential element in carbohydrates, is 
derived from the carbon dioxide of the air. Only green plants 


are able to make carbohydrates from this source of carbon, and 
the process is called c. 


(e.g. fats and 
to make use 


ants or indirectly by eating other 
Such as butter, cheese or milk. In 
derived from plants, though they 


Etiolation 
The part played by the light in photosynthesis will be discussed 
later (p. 113), but it is of interest to note what happens when 
plants grow in darkness, If two similar Seedlings are taken, and 
` one of them transferred to a dark cupboard, marked differences 
occur in the growth of the two. The one grown in darkness 
becomes much longer and weaker than the other, while it is 
much lighter in colo i eenness after some time. It 
might be described а. 
is said to be etiolated. 
Sometimes etiolati 


The uses of starch in the plant 
The conversion of su i 
reaction. In many (but 
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ported in solution, while the starch is insoluble and can be 
deposited as a solid. The necessary chemical changes are 
brought about by special types of catalysts, produced in the 
plant and known as enzymes (p. 45). 

The starch often goes to form a food reserve in a seed or in a 
special storage organ, such as a corm, bulb or tuber, in which it 
is mobilised again as sugar when it is needed. The sugar has 
two main uses. Some of it reacts with nitrogen compounds 
which the plant has taken in from the soil. Proteins are formed, 
and are built up into protoplasm, thus adding to the amount of 
living material in the plant. The rest of it is used as a fuel 
(p. 34) to enable the plant to perform the tasks connected with 


its growth and other life processes. 


Barley and malt 


The processes which follow the germination of many seeds 
are examples of the change of starch into sugar. Wheat and 
barley seeds contain reserves of starch. When the seed germi- 
nates the growing seedling produces an enzyme, diastase, which 
converts the insoluble starch into a soluble sugar, to be used as 
food for the seedling. This particular sugar is called malt sugar 
since it occurs in malt. 

To prepare malt, barley grains are soaked and kept warm and 


moist. The grains sprout, producing diastase, which begins 

the conversion of starch into malt sugar. When sufficient 

diastase has been formed the grains are carefully heated to a 

temperature which kills the barley plant without destroying the 

diastase. The product, malt, is then kept in hot water to allow 
It sugar to continue. 


the change of starch into malt 
The conversion of starch into malt sugar by means of an 


enzyme present jn our own bodies is described on p. 45. 


The carhon cycle in nature 

carbon dioxide in the air has not changed 
appreciably during the ‘period in which analyses have been 
made, yet photosynthesis is going on at a rate which would 
Temove all the carbon dioxide from the air 1n 30-40 years unless 


The proportion of 
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the gas was being replenished in some way. There must be 
means of balancing this loss. А 

(а) The respiration of plants restores а little of it, while the 
respiration of animals restores some more, since the animals got 
their food directly or indirectly by eating plants (p. 24). 

(b) When plants or animals die, their bodies form the food of 
numerable small organisms in the soil. It has been estimated 
that there are at least two thousand million organisms іп 1 grm. 


in 


respiration 


Animals 


Atmospheric burning ^ Coal 
carbon dioxide 4— ——— - pa 


Dissolved 
carbon 
dioxide 


Photosynthesis 


Fic. 15. 
of soil. Some of them are dea 


restore to the air the carbon d 
from it. We call these 


d, others alive, but ultimately they 
loxide which was previously taken 
Processes decay, but it is necessary tO 

to circulation carbon dioxide and 
other substances which would 


Otherwise be locked up uselessly 
d animals, 


| he carbon dioxide Which was taken 
from the air millions of years i 
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some of which is used by water plants. On the whole, however, 
the seas act as balancers, and dissolve more carbon dioxide 
when the proportion of the gas in the air rises, giving it out 
again if the proportion in the air falls. 

This circulation of carbon from the bodies of plants and 
animals into the air and back again, is called the carbon cycle. 
It can be represented diagrammatically as in Fig. 15, 


CHAPTER 4 


HEAT MEASUREMENTS 


What we have learned before 


In Book I, Chap. 19, we investi 
of heat could be measured and decided u 


which will raise the temperature of 1 Ib. of 
ritish Thermal Unit (B.Th.U.). 


r are heated through 50° С. (e.g, from 15° С. 
to 65° С.), 200 x 50=10,000 calories of h 


Thermal Units. Similarly, 


units given out is equal to the 
weight of water multiplied by the temperature fall. 


substance changes its State, e.g. ice 
heat was absorbed or released without 
f the substance. We called this heat 
“ latent heat.” 

In this chapter we shall 1 


earn further methods of making heat 
measurements and some new 


facts about the results, 


The basis of heat measurement 


EXPTA —To study the effect of mixing (a) equal, (b) unequal, 
| quantities of hot and cold water. 

Apparatus: Two litre cans, С. thermometer, measuring cylinder, 
Bunsen burner, tripod and gauze. 

Measure out 400 c.c. of water 
of one portion. Heat the ot 
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volumes. Calculate (a) the number of calories lost by th 

j 1 е hot 
(b) the number of calories gained by the cold water, iM ku ДЕ 
results. Repeat the experiment with unequal quantities of water. 


We find that, in both cases, the number of calori 
hot water is slightly more than that gained by eau UR 
Further consideration shows that the can itself gained a little 
heat, for it, too, rose in temperature, and that a little heat a 
taken up by the neighbouring air. If all gains and losses of 
heat are considered, heat gains equal heat losses. 

In all experiments and problems in this book concerning the 
mixing of a hot substance with a cold substance we shall sd lect 
the extra heat gained or lost by any containing vessel and ne the 
air, and assume that HEAT LOST BY THE HOT SUBSTANCE 
EQUALS HEAT GAINED BY THE COLD SUBSTANCE. 


Some simple problems 
Problem 1.—How much water at 47° C. must be added to 


60 grm. of water at 12° C. so that the temperature of the mixture 


shall be 32° С.? 
Heat is gained by the cold Heat is lost by the warm 


water. water. 
Weight =60 grm. Let Weight =x grm. 
Temp. rise =20° С. Temp. fall=15° C. 
Cals. lost —15x 


Cals. gained —1,200 
Heat gained —Heat lost 


1. 1,200—15x 
“. х=80 grm. 
Problem 2.—Find the resulting temperature when 50 grm. of 
water at 15? C. are mixed with 70 grm. water at 51° C. 
Let 15 C. be the resulting temperature. 
Heat is gained by the cold Heat is lost by the warm 


water. water. 
Weight —50 grm. Weight =70 grm. 
Temp. rise --(І-15) С. Temp. fall-(51—7)* C. 
Cals. lost —70(51—1) 


Cals. gained =50(t—15) 
Heat gained —Heat lost 
2, 50(£—15) —70(51—1) 
ј Л 1=36° C. 
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Capacity for heat 


We already know, from Book I, that equal weights of different 
substances require different quantities of heat to raise their 
temperatures by 1? C., or, if each receives the same quantity of 
heat, the rises of temperature will be different. The following 
experiment revises this fact. 


Expt. A.—To compare the thermal capacities of equal weights 
of water and turpentine. 

Apparatus: Vacuum flask provided with a heating coil 1 and 
thermometer, 15 volts supply, rheostat, key, ammeter, compres- 
sion spring balance, turpentine, clock. 

The circuit is arranged as in Fig. 16 and a current of about 
lamp. arranged. The flask is nearly filled with turpentine and 
the weight of the latter determined. The temperature is recorded, 
the current switched on and the time noted. The liquid is 


gently swilled in the flask 
during the experiment. 
After 10 minutes the 
current is switched off and 
the final temperature re- 
corded. The temperature 
rise is evaluated. The 
Die Baks turpentine is then replaced 
by an equal weight of 
water,” and, without alter- 
ing the current, the experi- 
ment repeated for the same 
time. The temperature 
Tise of the water is evalu- 
ated. 
By using the same elec- 
trical supply for the same 
Fic. 16. time a din supplied 
4 equ: iti t 
to equal weights of turpentine and a The tise ia E. Бе 
ture of the turpentine exceeded that of the water. We contu 
5 For details, see Book II, p. 59, 
* This must be sufficient i e the coil completely, 
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that, weight for weight, water has the greater capacity for heat 
for it does not get so hot as the same weight of turpentine when 
supplied with the same quantity of heat. 

We define the thermal capacity of a body as the number of heat 
units (calories or B.Th.U.) which will raise the temperature of the 
body by one degree. Thus the thermal capacity of 50 grm. of 
water is 50 calories, of 100 grm. of water 100 calories, but of 
100 grm. of turpentine 42 calories. 


Specific heat 

To form an accurate comparison of the thermal capacities of 
various substances we must compare the thermal capacity of the 
substance provided with that of an equal weight of a standard 
substance such as water. The fraction so obtained is called the 
Specific heat of the substance. Thus, by considering the thermal 
capacities of 100 grm. each of turpentine and water, we state 
that the specific heat of turpentine is 199; ie. 0-42. 

We can, however, interpret this figure in a different way. For, 
0-42 calories raise the temperature of 1 grm. of turpentine by 
1° C. ; 0-42 B.Th.U. raise the temperature of 1 Ib. of turpentine 
by 1°F. The specific heat of a substance is thus more 
conveniently described as the quantity of heat (in calories or 
B.Th.U.) required to raise the temperature of unit weight (1 grm. 
or 1 Ib.) of the substance by one degree (C. or F.). A table of 
Specific heats of common substances 15 given 1n the Appendix, 
Р. 236. 

Clearly, to heat 20 grm. 
Tequire 20 x 0:42 calories ; to 
Tequire 20 x0-42 x10 calories, i 
temperature of the substance —weig 
tise. Similarly, if a body cools, 

eat x temperature fall. 


of turpentine through 1° C. would 
heat 20 grm. through 10° C. would 
ie. heat required to raise the 
ht x specific heat x temperature 
heat loss=weight x specific 


Measurement of specific heats E 7-76 
Тһе i ats of most solids and liquids can be determine 

y he method of mixtures.” A hot substance and a cold 

Substance, one of which should be a liquid, are brought together, 

Бы the specific heat of one is known, that of the other may be 
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determined by making the a 


рргорпа(е measurements of weights 
and temperatures and equa 


ting heat losses to heat gains. 

The vessel in which the mixing is made is called a calorimeter. 
Its chief feature is the provision of a surround of badly conducting 
material so that loss of heat to the neighbouring air is as small 
as possible. A convenient calorimeter consists 
can loosely fitted with a felt jacket. 


thermometer and thick wire stirrer, but it is possible to use the 
thermometer as a stirrer i i 


hot one. The following 
two common methods, It should be 


calorimeter is ignored in 


alorimeter must be small 
of its original contents, 


— To determine the 
Apparatus : Calorimeter, 


EXPT. 2. specific heat of copper 1 (first method). 
thermometer, Copper rivets or turnings, 

boiling-tube, cotton-wool, com- 
pression spring balance, pipette, 
can, stand, Bunsen burner, tripod 
and gauze, 

Weigh out 
make the boilin 
than half full, 
and rivets in a c 
the thermometer 
the top of the 
wool (Fig, 17). 
until the rivets attain a steady 
temperature and record the read- 
ing. Meanwhile measure water 
into the calorimeter to make it 
three-quarters full. Take its tem- 


X Quickly transfer the 
Tivets to the water, stir until the 
temperature į 


Sufficient rivets to 
£-tube rather more 
Support the tube 
ап of water, insert 
» and loosely plug 
tube with cotton- 
Boil the water 


" ——— 
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heat. Questions: (1) What error is involved in transferring the 
rivets to the water? (2) What further error would be involved if, 
instead of heating rivets in a tube, a lump of copper were used and 
heated by suspension in the water ? 


This method can readily be modified to determine the specific 
heat of a liquid, e.g. turpentine, if the specific heat of copper is 


known. . 


Expt. 3.—To determine the specific heat of copper (second method). 

Apparatus : Vacuum flask (to be used as a calorimeter), copper 
cylinder with hook (as large as can conveniently be immersed in water 
in the flask), $° C. thermometer, graduated cylinder, spring balance, 


beaker, Bunsen burner, tripod and gauze. 
Weigh the copper cylinder. Place it in the flask and add water from 


the graduated cylinder until the copper is covered. Transfer an equal 
weight of water to the beaker and warm gently to 50°-55° С. 
Meanwhile empty and drain the flask; then pour in the warm water. 
Place the copper cylinder in a tank of cold water to take its temperature. 
Then take the temperature of the warm water, lift the cylinder and 
shake off surplus water and gently lower it into the flask. Replace the 
cork, swill very gently and take the final temperature of the “ mixture.” 

Calculate the heat lost by the warm water and equate to an expres- 
sion for the heat gained by the copper. Evaluate the specific heat. 
(1) Which measurements must be taken with the greatest 


Questions : large copper cylinder used ? 


care? (2) Why was a 


Some more problems 


Problem 1.—An iron sa 
1 Ib. contains 3 lb. of water а. 
in 5 minutes, at what rate mus! 


—60)=456 B.Th.U. 
ined by. water=3 x (212—60)=45 
Heat Suns = saucepan=1 0-113 x (212—60) —17 B.Th.U. 


Y i lied =473 B.Th.U. 
2. Quantity of heat supp я 
“. Rate of supply of heat —473 +5=94-6 B.Th.U. per min. 


1 rate of supply be more or less than this ? 


ucepan (specific heat 0:113) weighing 
160° Е. If both are heated to 212? Е. 
t heat pass into them ? 


Would the actua 
Why? 
2 
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Problem 2.—When 80 
100 grm. alcohol at 16° 
the specific heat of copper is 0-093, what is that of alcohol 2 
Heat is gained by the alcohol. Heat is lost by the copper. 
Weight —100 grm. | Weight —80 grm. 
Temp. rise =9 С. Temp. fall —15"C. 
Let its specific heat=s Specific heat — —0-093 


-. Calories gained —9005 2. Calories lost 80 «0-093 x75 
Heat gained —Heat lost 


2. 9008—80 x 0-093 x75 
80 x 0-093 x75 
HSE =0: 
900 а 


grm. of copper at 100° C. are added to 


Calorific value of fuels 


of heat units which a given 
С values are determined 


by burning samples of the fuels in Speciall designed calorimeters. 


The value for Coal is 10,000-14,000 вуг! per lb., and for 
fuel oil 17,000-19,000 B.Th.U. per Ib. The appropriate value 
for coal-gas is stated On the bill. In Bristol it is 480 B.Th.U. 
рег cu. ft. of gas, or, as it is alternatively quoted, 4-8 therms per 

- А therm is 100,000°B.Th. U. and we pay at a stated 
Price per therm, 


Foods as fuels 


| fats are used in the body as fuels, Pro- 
teins may also be used for this pur Hampi 
function Carbohydrates and Е p Аы baci 


meter experiments. е be found by calori- 
The calorific values of foods are ex 

(1 Kilocalorie— 1.000 Calories), A 

just over 4,000 Kilo 

gives about 1,800 


семей in Kilocalories 1 
5 body ћ ; 
calories and 1 Jp, У Fuels, 1 Ib. of fat Буе 


0 ‹ 9f carbohydrate ог rotein 
Kilocalories, Most foods, however, are 


1 Also known as large or great Calories and written with a capital C. 


C. the resulting temperature is 25° С. If 
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mixtures of two and often all three of these fuels, and also con- 
tain high percentages of water (p. 41). The calorific values of 
a few important foodstuffs are shown in the following table : 


Foodstuff Kilocalories, Foodstuff Kilocalories, 

6 per Ib. per Ib. 
Bread (white) . . 1,200 Lean beef 600 
Potatoes .-. . 350 Herring EN 600 
Sugar o. > » 1,800 Bacon. as % 2,400 
Milk. . . . .| 370 (per pint) | Butter . А 3,400 


Latent heat 

That heat is absorbed without change of temperature when a 
solid changes to a liquid, and a liquid to a vapour, and released 
during the reverse changes, was discovered by Dr. Joseph Black 
(1728-99). Being puzzled by the slowness with which ice turned 
to water, and water to steam, he made measurements of the 
quantity of heat absorbed during these changes and so discovered 
the correct explanation. 

In order to state the quantity of heat absorbed or released 
during a change of state, the weight of substance under considera- 
tion must be specified. It is usual to refer to unit weight 
(e. 1 grm. or 1 Ib.) of the substance, and, therefore, the value 
of a latent heat is stated in calories per grm. or B.Th.U. per Ib. 

The latent heat of fusion (i.e. melting) of a substance is the 
number of heat units required to convert unit weight of the solid 
into liquid without change of temperature. . 

The latent heat of vaporisation of a substance is ће number of 
heat units required to convert unit weight of the liquid into vapour 
without change of temperature. 


If unit weight of vapour c 
Solid, the corresponding number of heat 


hanges to liquid, or of liquid to 
units is released. 


The latent heat of fusion of ice | 
Expt. B.— To measure the latent heat ој. fusion of xs í 
A hol 14 in. diameter and 2 in. deep is made, by means 
ofa foe hay ne Eins in a large block of ice. А flat slab of ice 
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is used to cover the hole. Such a piece of apparatus is called 
3 Calorimeter. А 

ae а ball (about 150 grm.), which will conveniently drop 

into the hole, is weighed and then suspended in a can of boiling 

water. While the ball is being heated, a dry sponge in an 

evaporating basin is weighed on a beam balance. Wherr itis 

judged that the ball has attained the temperature of the boiling 


water, the hole is wiped dry with a 
rag, and the ball then quickly trans- 
ferred to the hole. The slab of ice 
is placed on top (Fig. 18). After a 
few minutes the ball has cooled to 
the temperature of the ice block 
(0* C.) and the hole contains water 
Fic. 18. 1 from the melted ice. This water is 
carefully collected in the sponge, 
excess water being allowed to drip into the basin, and finally 
the wet sponge and basin wei. hed. 
How many calories has the ball lost? (Specific heat 0:113.) 
How many grams of ice have been melted ? 
How many calories are absorbed when 1 grm. of ice melts ? 
Which of the readings taken in this experiment is the least 
- reliable ? Explain. 


Accurate measurement of the 
value to be 80 calories 


latent heat of fusion of ice shows 
[ per grm. (ог 144 B.Th.U. per Ib.). 
Thus, as much heat is required to melt | grm. of ice as to raise the 
temperature of the resulting water to 80° С. 
Solidification 
EXPT. 4.—T i ERA 
OPE. Le. the cooling and solidification of (a) naphthalene, 
Apparatus : Boiling-tube half full of naphthal ffin wax, 
thermometer, can, Bunsen burner, tri БЕТ ere ith 
seconds hand, s » tripod, clamp and stand, clock with 


quared paper, 
Support the tube of sub: i 


о 
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substance is cooling quickly, and later every minute, until the tempera- 
ture has fallen to about 40° C. Plot a graph on the squared paper 
of the temperature against the time. What peculiarity does your 
graph show ? 


Fig. 19 (a) shows a graph obtained for naphthalene. The 
graph is in three parts. AB shows rapid cooling of the molten 
substance and CD less rapid cooling of the solid. During BC 
the temperature remains steady for several minutes. At this 
temperature the naphthalene is solidifying. Why does the 
temperature not fall, even though the tube is losing heat to the 
surrounding air? This experiment gives a good way of finding 


A 


Temperature 


Temperature 


Time 


Time 


(b) Paraffin Wax 


(a) Naphthalene 
Fic. 19. 


the “ freezing " point (or melting point) of a substance. What 


is the melting point of naphthalene ? 
Fig. 19 (у Powe a graph obtained for paraffin wax. The 


middle portion BC has a slight downward slope. The wax, 
unlike the naphthalene, is a mixture of substances and each 
Constituent has a slightly different melting point. The molten 
Wax therefore solidifies over a range of temperature. Determine 


this range from your graph. 


The latent heat of vaporisation of water 


Expr, 5. To use a thick-walled calorimeter to determine the latent 


heat ој у a 
aporisation of water. ; 
Apparatus : pet Mer brass calorimeter (about 1,000 grm.) 
With felt jacket, С. thermometer, steam boiler, burette in stand, funnel, 


с ) X 
Ompression spring balance. 


38 ELEMENTARY GENERAL SCIENCE 


The calorimeter is fitted with a 2-hole 
carries a straight delivery tube and cork t 
right-angled exit tube. К 

Weigh the calorimeter without its accessories and, having replaced 


the felt jacket, take its temperature. 
Insert the rubber Stopper tightly 
and, when steam issues freely from 
the boiler, quickly fit on the 
calorimeter (Fig. 20). When steam 
issues vigorously from the exit tube, 
Wait a further + minute approxi- 
mately and then detach the calori- 
meter with its accessories, Use the 
burette (think carefully before you 
Start how you will use it) to find 
the weight 'of water formed in the 
calorimeter, 

What was the final temperature 
of the calorimeter and its contents 7 

How many calories has the calori- 
meter gained? (Sp, ht.=0-092.) 

From what did this heat come ? 


How Тапу grams of steam con- 
densed ? 


ow many calories are released 
wi 


en 1 grm. of steam condenses 7 


rubber stopper. One hole 
o fit the boiler, the other a 


CHAPTER 5 
MAN AND HIS FOOD 
Why we need food 


While we are alive we are never completely at rest. Even 
during the deepest sleep the heart is pumping blood, and the 
- muscles which carry out our breathing movements are working 
Steadily. "The mere act of sitting up increases the work of the 
heart and other muscles. The process of eating gives work to 
muscles in the mouth, and later to other parts of the digestive 
System, 

Except in very hot regions we are usually warmer than our 
Surroundings, We are therefore constantly losing heat to them, 
[a m healthy, our temperature remains at a fairly constant 
evel. , 

We Brow up from a weight of about 7 Ib. to perhaps 10 or 

1 stones, а twenty-fold increase. We also partially replace our 
Worn-out parts as we go along,.in contrast with mechanical 
Vehicles which occasionally need completely new parts supplied 
ready-made. a^ 

9 maintain the body temperature and the activity of the heart 

and other parts of the body, fuel is needed. This fuel, and the 
Materials for increase in weight and replacement of worn-out 
Parts, come from the food we eat. 
addition to the requirements of food for fuel, growth 
a Teplacement, small quantities of other substances are essential 
body regulators and protectors. If there are insufficient 
Pole! Many essential processes, such as growth of bones or 
prmation of hemoglobin cannot take place properly, and if the 
vitamins are insufficient in amount we suffer from unpleasant 
diseases, 
39 


40 ELEMENTARY GENERAL SCIENCE 
Our fuel requirements 


А man's daily output of heat has been measured directly 
by putting him in a very large calorimeter for a period of 
24 hours. He is supplied with a bed, telephone, light and a 
fan, and provision is made to measure the quantity of heat he 
produces by methods which are merely modifications of those 
used in the physics laboratory. This method is useful to give 
us measurements if the subject is sitting or lying down, or per- 
forming some kind of work which can conveniently be performed 
in the confined space. For 


work which involves less restricted 
movements other methods are available, 


When a man is oxidisin. 


er the exercise, and the volume 


of air used i the volume of nitrogen in the 


5 calculated from 
bag. 


at he may be 
In that case he 
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< The kinds of food 


Our bodies contain about 70 per cent. by weight of water, and 
we suffer a large daily loss in the various excretions. This must 
be replaced, so water must be regarded as a foodstuff. If we 
include the water contained in other foods which we eat, we 
probably take in*a weight of water three times that of the other 
foodstuffs combined. 

Proteins, fats and carbohydrates constitute the bulk of our 
food apart from water. They can all be used as fuel foods; but 
proteins have the additional and important use of tissue building, 
Which overshadows their use as fuel. It is usually regarded as 
desirable to employ proteins primarily for this purpose, and to 
make up the bulk of our fuel requirements from the other two. 
The chief sources of protein are meat, fish, milk, cheese, eggs, peas 
and beans, while bread contains a useful proportion. The diet 
Should contain a proportion of protein derived from animals or 
animal products such as milk and eggs, since these contain 
hag amino-acids not adequately supplied by a vegetarian - 

let, 

Butter, margarine, milk, cheese and the fat in meat, are the 
Chief sources of fats, while the carbohydrate foods include all 
Cereals and cereal products such as bread and the many patent 
breakfast foods. Sugar is a carbohydrate in pure form. 

The following table shows the approximate composition of a 
few standard foodstuffs : 


Approximate percentages 


Food Water | Protein Fat oe Salts 
тубе b 1 52 2 
read " , a 38 if 
eat meat MEN rp 21 б. 2 1 
Пе a Ts 77 
Mud deo Le ЕС, 3 4 5 1 
Ben 15 02 844 0 04 
Bus! 2. f 5 | та ates 115 0 1 
i, d | | 
These will be 


uc he other foodstuffs are salts and vitamins. 
Aussed in detail below. 
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Salts 


An animal cannot live healthily on a diet which is free from 
salts. If it is fed on such a diet it acquires a dislike for food, 
and soon dies. In order to obtain sufficient salts we need to eat 
fruits and vegetables. Salts, with the soil water, enter plants 


through the root-hairs and accumulate since they cannot be lost 
by transpiration. 


MOL ounts will р 

infectious’ and cannot be “ 3 
A E caught ” from someone else. ft 
Ba ing which goes Wrong with the worki f the bod 

П à certain substance 15 missi TEC Ен | 
Пате given to this substance is vitami 

s 
Several other non. i aere 


o 
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them are known as vitamins. Carefully purified and рг 
8 ера 
pee as white bread, sugar and mx jim had Ws ER 
ma ай their natural vitamins removed. It is compulsory by law 
Lom Mia vitamins to margarine, and, as a war-time measure, 
à m sory addition of vitamins and calcium salts to white 
dem might be necessary. To include an adequate supply of 
5 amins the diet should contain plenty of vegetables and fresh 
ult, eggs, milk, butter or vitaminised margarine, and a weekly 
meal of fish, preferably herring or salmon. 
pilot following table summarises some facts about the more 
portant vitamins : 


Маше of Effect of Good food Moderate food 
= deficiency sources sources 
Itamin А Eye inflammation. | Fish liver oils. Carrots. 
Night blindness. Butter. Spinach. Cabbage. 
Egg yolk. Milk. 
Vii : 2 
itamin B, Beri-beri (nervous | Wheat germ. Meat. Eggs. 
pain and para- | Yeast. Brown bread. 
lysis). 
Vi 1 
itamin B, Body cells cannot | Yeast. Milk. 
respire properly. | Liver. Eggs. 
== 01 Poor growth. 
Vitami - 
itamin Р.Р... | Skin disease. Yeast. Milk. Eggs. 
Liver. Cheese. 
Vitam; | 
"tamin С Scurvy. Black currants. Fresh fruits and 
Oranges. Lemons. vegetables. 
Milk. 
Vitami 
‘amin D Rickets (bones un- | Fish liver oils. Eggs. Butter. 
able to develop Milk. 
correctly). 


Vitam; А 
use тіп C is easily destroyed 
in cooking. Vitamins B an 


la 
У lost if vegetables are 


MS away. 
alk is a specially valuable food as it i 
2 tamins, and also of essential salts, 
and phosphates. 


the vi 
Salt 


by heat, particularly if soda is 


d C dissolve in water and are 
boiled in water and the liquid 


s a source of almost all 
particularly of calcium 


44 
Digestion | 
Digestion is the process by which the foodstuffs we eat аге 
converted into substances capable of entering the bloodstream 
and being utilised by the body. Water, salts, glucose and 


vitamins need no digestion. They are already in the final form 


in which they are received by the blood. For the following 
reasons, other foodstuffs 


need to be changed by the processes of 
digestion. . 
(1) Most foodstuffs are insoluble in water, 
of digestion must be to make them into soluble 


(2) Some substances, even when soluble, hay 
which diffuse too slowly from the digesti 
Cane sugar is an example. 
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The first process 
materials. 


Proteins. We need to break the prot 


hey are composed, and then to rebuild 
cial kinds of protein. 


stion consists therefore of a series of 
с i Own the complex foodstuffs which we eat 
into more simple ones, 


2. grm. (approx.) of soluble starch 
о Water, add to 20 сс boiling water, and mix, Place 
the tube of starch solution in the beaker of warm water. 
» take another mouthful, 
іс. n t into a boiling-tube. Place 
а temperature of $a 1 it and the starch solution have attained 
He 3 : ср D jm 
lodide to a pale straw colo lution of iodine in potass 


510 ur by addi is 
Solution in а test tube add one З uie Water. To a drop of thi: 
If no blue colo 


i ) 0 drops of the starch solution. 
Dia ds ur is Obtained a fresh starch Solution must be prepared. 
them in the Belin Mia а tution into two portions, and keep 

- Пр the rest of th i the 
withdraw, © experiment, except when they 


n fo; ; i 
-3 c.c. of saliva Solution for o Label them A and B. Bo 


ute, and add to the starch in А. 


- Only by living organisms. Enzyme: 
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Add the same volume of unboiled saliva solution to the starch in B, 
mix, and at J-minute intervals withdraw a few drops from B and add to a 
drop of iodine solution. Continue until no blue colour is obtained 
on mixing. Now test the tube A of starch and boiled saliva with 
iodine. Is a blue colour obtained? "What do your results show 


about the following : 


(а) The action of saliva on starch ; 

(b) The effect of boiling the saliva? 

Test the remaining liquid in B with a small quantity of Fehling's 
solution as described on p. 15. What happens ? 


The saliva of human beings and other mammals contains a 
substance, ptyalin, which rapidly attacks starch and converts it 
to malt sugar. This change, the same as occurs in a germinating 
Seedling (p. 25), consists of the addition of water to starch, 
causing it to break down into simpler molecules : 

(СбНл О а фи О [s Cis HssOri- 
starch malt sugar 
Ptyalin catalyses the reaction. The other changes during the 
digestive process are of a similar nature. Complex substances 
are split into more simple ones by the addition of water, a 
Process called hydrolysis. The changes are catalysed by different 
enzymes, of which ptyalin is the first to act. Ж, у 

Enzymes are special catalysts which enable living organisms 
to bring about the changes needed for their life processes. They 
ате complex substances (i.e. not living material) but can be made 
s are only effective— 


(1) Within a narrow temperature range, and are destroyed at 
moderately high temperatures ; wat 
(2) In appropriate degrees of acidity or alkalinity. 


A given enzyme can only bring about one particular kind of 


chemical action. 


Our digestive system | . 
The digestive system contains two ma'n portions. The first 


Of these is the food canal, consisting of the mouth, pharynx, 
Bullet, stomach, small and large intestines. These form а 
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conti 
emi passage through the body, from the mouth entrance to 
, ог exit from the large intestine (Fig. 21). Тһе second 


Part consists of two organs which, Inci 3 
incisors 


oe not forming part of the 
= canal itself, produce sub- 
aoe from the blood and pass 
og into the small intestine to help 
s process of digestion. These 
pum are the liver and the pan- 
Poe _ They are large glands. А 
ien an organ which makes or 
ur ган | certain substances from 
B mouth is supplied with glands 
Ci с ae saliva, and with. teeth 
ied mechanically dividing 
into small pi i 
and grinding. пе 


E (Fig. 23) consists essentially 
е of hard material, the dentine, 
Pire ing a cavity filled with pulp, 
Put Еј material permeated by nerves 

ood vessels. The tooth has a 


T 
root or roots fitti 


Fic. 23, 


Wi 

open Bands and n 

in yw T the small intestine, a narrow tu 
occur the main processes of diges 


jaw- ng into sockets in the 
y сре each root being surrounded 
crown yer of cement, a material rat 
» ог exposed part of the tooth, i 


Fic. 22.—ТЕЕТН OF MAN. 


her softer than the dentine. The 
is coated with enamel, the hardest 
Biting hard objects such 
as nuts, tends to chip the enamel, while food 
particles left in contact with the teeth are attacked 
by bacteria, forming acids which corrode the 
enamel and lead to decay of the dentine. 


or cavity at the back of the 
o the stomach by means 
he gullet (food pipe or 
esophagus) The stomach is a bag-like organ 


nuscular walls. The lower end of the stomach 
be, some 20 ft. in length, 


tion and absorption. 


substance in the body. 


The pharynx, 
mouth, is connected t 
of a muscular tube, t 
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Its inner walls are heavily folded (Fig. 24) to give a greater 
surface, and to prevent food from passing along too quickly or 
too smoothly. In addition the surface is covered with numerous 
hair-like projections or villi (Fig. 25) which 
increase the absorbing surface enormously. 
The villi are supplied with blood capillaries 
and lacteals (p. 50). 

The large intestine is a wide tube about 
6 ft. long, which leads from the small 
intestine to the anus. The two intestines 
together thus make a tube which could be 
wrapped nine or ten times round the waist. 
Near the junction of the two, a worm-like 
projection, the appendix, joins the end of 
the large intestine. It has no useful func- 
tion in ourselves, but is concerned with 
the digestion of cellulose in many grass- 
Fic. 24.—Forps iN oe saa 

МА Он TES Sie The liver is the largest gland in the 


INTESTINE, body, weighs about 34 Ib. and contains 
about one qua 
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walls of the A n 
Front oth ваа behind the food and relaxing in 
en 
which po uM the stomach it gathers into a mass insid 
Gradually m of piyalmion starch continues for b us 
stomach walls d it is broken up by movements of the 
These liquids = penetrated by juices from the stomach БӘСЕ 
acid and an ene e gastric juices, contain very dilute hydrochloric 
Proteins into | me, pepsin. Pepsin, aided by the acid, converts 
delaying its boa uble compounds, peptones. Milk is clotted, thus 
EX nili poke. the stomach sufficiently for the digestion of 
er a ti : 
аге pem the acid and partly digested stomach contents 
He Here th into the small intestine in small portions at a 
Pancreatic jui ey mix with three liquids, 41 fa 

С 700. Juke, intestinal Ie bile. | 

y the pan ese contains enzymes produced 
produced eem and the second enzymes 
intestine Ж qaos in the walls of the small 
Where A 5 Пе comes from the gall bladder, 
t is a gre ccumulates as the liver makes it. у 
Coloured о or yellowish liquid owing to Fic. 26. 
digestion ни products which it contains. Its usefulness in 
Sion of ver a to the fact that it causes fats (0 form an emul- 

an inr lob droplets which can be more readily attacked 
e Са ај ch ules. Bile contains no digestive enzymes, and 
O enzymes changes which occur in the small intestine are due 
Changes in the pancreatic and These 

Rah, as follows : 
Do bpm e into fatty acids and glycerine. 

(3) The En starch, and sugars, are broken down to glucose. 
Me of proteins is continued until they are 
the en down to the individual amino-acids of which 
ES were composed. 

ohydrate cellulose is 
System, but the other fo 
r absorption. 


The 
toe sorPtive system 
capillaries in the walls of the $ 


» uni 
ite to form a vein. This vein d 


th 
intestinal juices. 


in the human 


not dissolved 
w in the form 


The с 
odstuffs are по 


digestive 
Neede d fo 


ne, and in the 


mall intesti 
neral 


oes not join the 66 
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stream of blood returning to the heart, but goes instead to the 
liver, where it once more divides into capillaries. There is thus 
a direct route from the intestine to the liver. This special 
instance, where a vein passes from one organ to another and 
forms a second capillary System, is known as a portal system. 
The vein is called the portal vein. 
In all parts of the body blood minus the red corpuscles is 
constantly oozing out of the capillaries into the surrounding 
i tissues, to which it carries dissolved 
nutriment. This fluid; the lymph, then 
collects in a system of tubes and is 
returned to the blood System by two 
openings into veins at the base of the 
neck. Some of these lymph vessels are 
present in the villi (Fig. 27) where they 
аге called lacteals, from the milky ap- 
pearance of their contents following а 
meal of fat. The lacted]s lead to the 
larger of the openings by which lymph is 
returned to the blood. : 


The absorption and fate of the foodstuffs 
, The amino-acids from protein diges- 
tion and the glucose from carbohydrates 
Fic.27.—Two Vum. аге absorbed into the blood capillaries in 
(а), (b) and (с) lacteals ;— е walls of the intestine and pass to the 

(4) blood Vessels.” fiver. The liver acts as inspector or 


г censor of the absorbed fi d materials. 
Glucose in excess of immedi bids Кер 

T é А 
оаа ediate body requirements is kept back 


stor orm of glycogen, a Starch-like substance. 
Protein in excess of the body’s needs is used as fuel, while the 


amounts of substances needed by the body are allowed to pass 


into circulation, 
` The mi i 
i mixture of d fatty acids on the other hand 
t » Teforms globul f fat, and 
asses up t i 5 De 
P P to the d D at the base of the neck, where 
ream, x excess of fats over bodily fuel 
ture use und i 
the ut under the skin, between 
Muscle fibres and (sometimes very conspicuously) in the 
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folds of a membrane in the abdomen between the loops of the 
Intestines. 


The large intestine 
In the small intestine most of the useful food and much water 
are absorbed into the blood vessels and lacteals. Bacteria, un- 
digested materials and water remain unabsorbed and pass on to 
the large intestine. In the interests of water economy much of 
the Temaining liquid is here re-absorbed into the blood. If this did 
not occur, we should have to drink extra liquid to make up for 
the increased loss. и 
“Тһе large intestine acts as an excretory organ, since insoluble 
Compounds such as calcium phosphate, which might block small 
tubes in the kidneys, are collected here for removal. They join 
the mass of undigested material and bacteria which form the 
Contents of the large intestine. This waste accumulates in the 
‘nd portion, the rectum, and is voided at intervals as the feces. 
the intervals are irregular ог delayed, undesirable results 
Slow. Poisonous products from the bacteria accumulate and 
àre absorbed into the blood vessels of the intestine. From there 
CY Pass into the general circulation, at first causing such minor 
"SOrders as headaches or loss of vigour, though later more 


Persistent effects may follow. 


CHAPTER 6 


NITRIC ACID AND SOME OF ITS DERIVATIVES 


Chile saltpetre, sodium nitrate, NaNO, 
Large quantities of t 


The mineral, called caliche, is found in layers a few feet below 


d is opened up by boring to the bottom 
of the bed of mineral and firing a charge of explosive in the 
bore-hole. The crude mineral is sorted by hand and carted to 


The preparation of nitric acid, HNO, 


Nitric acid is made in the laboratory by heating a mixture of 
concentrated sulphuric acid and a nitrate, potassium nitrate 
being used as a tule. The apparatus needed is shown in Fig. 28. 
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Th зе 35 т 
puru acid (30 grm.) is first poured into the retort, then 
em КЕ grm.) is added. After setting up the apparatus as 
220% ds e retort is heated on the sand-bath, at first gently, then 
flask PA while water is allowed to run over the receiving 
Sd e apparatus must be glass, since concentrati d nitri 
ee cork and rubber. ; NY 
comi nitre first dissolves, then nitric acid vapour distils, con- 
Rc the neck of the retort and runs down into the receiver. 
wn 5 the end of the distillation, as the temperature rises, a 
Bis nit gas is seen in the retort. Some of this gas dissolves in 
yello itric acid, which is obtained in the receiving flask as a 
on fuming liquid. 
eter a no more acid distils, the stopper is removed from the 
dish ana the contents carefully poured into à large porcelain 
potassi e liquid quickly sets to a mass of colourless crystals, 
тара hydrogen sulphate, KHSO;. 
equation for the production of nitric acid is : 
KNO3+H2SOs> HNO0;--KHSO,. 
is formed by the decom- 


The 
brown gas, nitrogen peroxide, 
the action of heat. А 


Positi 
tion of some of the nitric acid by 


The Зи 
ó Properties of nitric acid 
о FN a ors ; 
oe nitric acid is a colourless liquid which fumes in 
about E it has a peculiar odour. The sp. gr. of the acid is 
dilute acid The acid mixes with water in any proportions ; the 
and со cid has a sour taste, causes blue litmus to become red, 
it CI es metals, The concentrated acid is very corrosive ; 
5 the skin i bstance (p. 17), and 
estroys cloth. . forming a yellow 5105 (p. 17), 
e 
fier Dente acid was originally called aqua fortis, because 
n. ves most metals. When the acid attacks metals, as а 
gas is evolved, but the gas is not hydrogen except in the 


Case 
ОЁ magnesi f : 
magnesium and very dilute acid. 


cid on copper. 
shown in Fig. 29, then 
The copper 
Collect a jar 


Ex 

ET I. ee, 

(a) PUE. To investigate the action of nitric а. 

m once few copper turnings into the flask 

tarts to v aim nitric acid into the flask carefully. 
Ssolve at once and a brown gas is given oll. 


54 ELEMENTARY GENERAL SCIENCE 


i d close 
i h to escape into the room) and 
full of this p pole prb "Note the colour of the liquid in the 
the jar with a gr | 
i de off 
€ j wards in a trough of water and sli | 
Beri vo xe pde that the gas dissolves readily in pee 
ab Again close the jar with the p es 
and remove the jar from the trough. 
Try the effect of adding (a) litmus 


Solution, (b) a dilute solution. of 
TG = potassium permanganate containing 
||| dilute sulphuric acid, to separate 


portions of the solution in the jar. 
What do you see ? 22% 
(b) Put some copper turning; 
into a flask and set up the apparatus 
shown in Fig.2. Міх 15 cc 
concentrated nitric acid and 10 c.c. 
water, and drop the diluted acid Ks 
to the copper. After allowing ТЕ 
to escape from the apparatus, collect a jar of gas. Close the jar у 
а greased plate and note that the gas is colourless. Hold the E 
mouth upwards and slide off the plate. What do you see and infer 


Fi. 29, 


decolourises purple potassium 
permanganate solution. This sh 


nitrous acid, HNO, ; it also 


contains nitric acid, but there is no 
Simple test to indicate this 


* The reaction between nitrogen 
peroxide and cold 


water is : 


The gas is ; 

water ; it is nitric oxide, NO. On Opening a jar of nitric oxide 
peroxide is at once formed. Nitric oxide 

at fairly low temperatures (below red 


2NO+0,>2NO,, 
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The manufacture of nitric acid 

Nitric acid is an important chemical and it is made on a large 
Scale by the following two processes : 

(1) The old process, still used, is exactly parallel to the 
laboratory preparation. Sodium nitrate (Chile saltpetre) is 
heated with concentrated sulphuric acid in cast-iron retorts ; 
nitric acid vapour is condensed in earthenware or silica pipes | 
and the acid is collected in earthenware jars. 

(2) In а much more recent process, the acid is made from 
ammonia, obtained from nitrogen and hydrogen by the Haber 
Process (Book II, p. 13), and air. The ammonia and air are 
ied in certain proportions and the mixture is passed rapidly 
b Tough а platinum gauze. This gauze is first heated electrically, 

ut Once the reaction has started the heat given out in the reaction 
“eps the gauze red-hot. The platinum acts as a catalyst in the 


following reaction : 


4NH,+50.>4NO+6H:0. 
ate Nitric oxide, on cooling, then reacts with excess oxygen from 
© air at first admitted and gives nitrogen peroxide. | 
© mixture of nitrogen peroxide, excess oxygen and paw 
№ а up granite towers, containing lumps of mes ib 
eater trickles, The nitrogen peroxide first reacts 
Vater to form nitrous and nitric acids : 
Und 2NO,+H,0> HNO,+HNOs. 1 ag 
in d the conditions employed, the nitrous acid десотр 
nitric acid and nitric oxide, thus : 
his nits Зино HNOs+2N0+H:0- hich again 
Teacts. Itric oxide is reoxidised to nitrogen peroxide, ai n 
acid ig en water, The final result is € » Flaten with 
tained. This is either concentrate RI а 


Once, 
Ntra А x ЕЕС 
by trea ted sulphuric acid, or it is made menu ава de Soll 


Sana 


Suy 
а Dress More recent practice is to WO 


Coo], i: Of a few atmospheres and 
btaineg. Arome-steel tower. In thi 


acid 1s 
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Important nitrates 


yu in uses 
Sodium nitrate is extracted on a large scale; its main 
о 
і n p. 52. А : 

x ius Етна Qaitre or saltpetre) is also made in bees 

urs but not by the laboratory method. Sodium nit i 
анин chloride, both obtained from minerals, are mix 
ant 


in special proportions and dissolved in a little hot water. Under 
a Е . 
these conditions they react thus : 


NaNO;--KCI-- NaCI -KNO;. 


2.2 - it is 
Much sodium chloride (salt) comes out as a precipitate ; it i 


olution is still hot. Then, on —- 
tallises out with just a little salt. By 


Xtensively by a method similar to that 


used in Expt, it is used in the photographic 


industry, 


Lead nitrate is made for the 
yellow pigments, while other 


Production of certain orange and 
coloured fireworks, 


Nitrates are needed to make 


Some important uses of nitric acid 


Nitric acid is needed for the production of practically all 
explosives and in making substances which are converted into 
dyes, 


On p. 11 you learnt t] 


obtained from Coal-tar. When b 
of ci 


Oncentrated nitric acid and concentrated sulphuric acid, the 


nzene, replacing one of the Н atoms 

2. © product is nitrobenzene, 

Об * pale yellow, oily liquid, smelling of bitter almonds. 
CcHe+HNO,>¢ 


oH;.NO,+H,0, 
Nitrobenzene can be made into aniline, C; Hs. NH, which in'its 
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ша is the starting point for the production of various dyes. 
а н is thus an intermediate in the dyeing industry. 
he following experiments are intended to demonstrate these 


changes in a simple manner : 


Expt. A.—To illustrate the preparation of nitrobenzene. 

Mix 5 c.c. concentrated nitric acid and 5 c.c. concentrated 
sulphuric acid in a boiling-tube. Add this mixture gradually to 
E benzene in a small flask ; shake well, allowing the mixture 

become warm, but not so hot that the benzene boils ; if 
ау cool the flask in a trough of water. Shake well for a 
наце when all the acid has been added. Рош the two: 
m obtained into a boiling-tube half full of water. Pour off 
P е top layer. Wash the oily liquid with water by decantation. 
ass round the class to smell the nitrobenzene. 


Expt. B.—To illustrate the preparation of aniline. 
„Рш 5 grm. granulated tin into а boiling-tube and add 2 c.c. of 
nitrobenzene. Gradually add 10 c.c. concentrated hydrochloric 


acid to the mixture. Warm at first and shake well, but if the 
vigorous, cool the tube. 


tube becomes too hot and the reaction 
hen the bulk of the tin has disappeared and the oily liquid is 
Ба longer apparent, heat the tube for a few minutes till the smell 
of nitrobenzene disappears. 
Our off the liquid into : 
б Per cent, caustic soda solution (if 
> the contents of the flask fairly 
of aline. Pass round the class (0 smell t 
aniline. . 


a small flask, cool a little, then add 
necessary add a little water 
liquid) till the mixture is 
he ammoniacal odour 


Expt. C.— To illustrate the preparation of an aniline dye. 
“еле in 5 с.с. dilute hydrochloric 


Dissolve a few drops of aniline 1 

acid, cool under the me then add gradually a few drops of a 
the tube cold. 

Dissolve a little -naphthol jn a few cubic centimetres caustic 


Soda solution ; warm if necessary, then соо. — 
Now soak а piece of cotton (old handkerchief) in the second 


Solution, squeeze it, then dip the cotton into the first solution. 
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he cotton is dyed red. ІҒ the two solutions are mixed, the dye 
The co 
separates as a red precipitate. 


iqui ained from coal-tar, which is closely related 
ааа toluene, СеН„.СНа. This liquid 
E LR da certain conditions with a mixture of concentrated 
EU and sulphuric acids so that three nitro-groups replace three 
H TRE in the group CsH;—. Тһе product, trinitrotoluene, 
T.N.T., СНз.С;Н:(№О,)з, is a very important explosive, which 
is used for shell-filling and for depth charges, 

Similarly, carbolic acid or phenol, CcHs.OH, another benzene 
derivative, is converted by the action of nitric acid into picric 
acid, CyH».(NO.)3.0H. This yellow solid is the explosive 
lyddite ; it is also a yellow dye. k 7 

Nitroglycerine is ап extremely dangerous liquid explosive, 
Which no student should attempt to make. This substance is 
not a nitro-compound as its popular name implies; it is a 


nitrate, glyceryl trinitrate, made by the action of concentrated 
nitric and sulphuric acids on glycerine : 


C3H;(OH); +3HNO;— C3H5(NO3); +3 Њо. 


Dynamite is a mixture of nitroglycerine and kieselguhr, a fine 
absorbent form of sand, 


Cellulos 
simila 


Possible, the Product, which is like the 

appearance, is called 

Violently if de 
Oddly enough b 

little vaseline wi 


: tone, a fairly stable explosive, 
cordite, is obtained, The pasty mi 


original cellulose in 
is substance explodes 


Cordite is the « smokeless роуа. 
and shells, 


Nitrocelluloses Which contain a lower proportion of nitrate 
radicals than Bun-cotton, dissolve in certain solvents, e.g. acetone. 
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These solutions mixed with pigments and certain toughening 
Substances, are widely used as paints and lacquers. Artificial 
leather consists of cotton impregnated with these substances. 
Celluloid is a mixture of nitrocellulose and camphor ; the two 
Substances after mixing are heated together under pressure. The 
Tesulting plastic substance is easily moulded at 75? C. ; it finds 
extensive use, e.g. for films, but it is dangerously inflammable. 


CHAPTER 7 
PARASITES AND SAPROPHYTES 


Bacteria 


In Book I (p. 181) we learned that human disease was often 
caused by micro-organisms called bacteria. Bacteria are one 
of the commonest occurring forms of life. One gram of ordinary 


garden soil may contain 
20-50 million living 
bacteria, and several 
times this number of 
dead ones. Few of these 
are disease producing 
types, most of them are 
fairly harmless and many 
are beneficial, as they 
Promote the decay of 
dead plant and animal 
matter (p. 68). 

Bacteria are some of 
the smallest of living 
Organisms, and it fre- 
quently requires а very 
high magnification for a 
Single bacterium to be 
ive size of bacteria com- 
Bacteria are known in 
s - Spherical (cocci), rod-shaped 

or may not have whi -like projections 
(flagella) by the lashings of which they cut жені Without 
flagella bacteria Where a current of fluid carries 


62 


anthrax bacillus 


о о (0) 
limit of vision — virug small 
іп microscope bacterium 


tubercle bacillus 


Ying, 
” "ed blood corpustl* 
Fi, 32, 
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Bacteria have no chlorophyll. They are sometimes regarded 
as simple forms of plants while many biologists regard them as 
apart from both animals and plants and 
Classify them as a separate kingdom. 


Bacterial cultures 


In laboratories bacteria are often 
Brown on the surface of various nutrient 
Mixtures. These cultures enable the 
bacteria to be studied conveniently. If 
а dish containing a suitable mixture is 
used to the air or touched with an a e 
" prre oy possible to determine, 9p flagellat » EE 

sulting culture, what kinds of ^ 
bacteria were present in the air or on the object. Each bacterium 
Which falls on to the mixture grows, multiplies and gives rise to 
а large number, or colony, which can be more conveniently 


Studied than the single organism. 


The life processes of bacteria 


Bacteria need food in order to grow. As they have no chloro- 
m carbon dioxide, water and 


Phyll they cannot build up food fro 
Salts in the sae of oan plants. They need food in the form 
ОГ compounds such as amino-acids and sugars. These can only 
© obtained from other living organisms Or from their dead 
bodies. When one organism (e.g. à bacterium) draws its food 
from a living animal or plant without contributing anything 
Useful in return, the two organisms are called parasite and host 
TeSpectively, Disease-producing bacteria are parasites. Their 
posts are human beings, other animals, or the plants which they 
infect. Other bacteria live on the dead remains of plants and 
Gp nali Which they dissolve by means of enzymes d 
er i ; in thi are called sapro i 
Organisms which feed in this manner bb prora 


Sapr 

Ophytic bacteria are often harmless or ac 
rs ™ man’s point of view, and are much more numerous and 
Portant than the better known disease Pone types. Я 
П order t in energy some bacteria take in oxygen an 
i A s ME diffuses in through the cell 


Use 
It to oxidise sugar. The oxygen 
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aste products, water and carbon dioxide, diffuse 
in fons ен do not need oxygen but obtain energy by 
breaking down complex substances with the aid of vd 
Such changes are called fermentation, or, where objectionably 
smelling substances are produced, putrefaction. 

In suitable conditions, such as moderate warmth and presence 
of an adequate food supply, bacteria grow to a certain limiting 
size (cf. Fig. 32) and then reproduce by division into two. 
When conditions are very favourable the time between successive 
divisions may be as little as 20 minutes. At this rate a single 
bacterium would give rise to over 1,000,000 bacteria in 7 hours. 
Needless to say, this does not occur, as overcrowding and food 
shortage would result. It means, however, that a few bacteria 
can quickly produce a large colony if food and warmth аге 
present. Such conditions are present in warm milk. Hence 
milk is cooled quickly when first drawn. This also explains our 
difficulty in preventing souring (p. 66) in warm weather. 

When conditions become unfavourable some kinds of bacteria 
can form themselves into spores, in which form they are very 
resistant to drying, disinfectants (p. 66) or heat. The spores 
are oval or spherical bodies which contain the vital contents of 
the bacterial cell within a tough envelope. 


Spontaneous generation. Sterilisation 


At one time the maggots in bad meat were thought to have 
been produced by the process of decay. We now know that it 
is the maggots which cause decay, rather than the reverse process 
while the maggots а 


arise from eggs laid there by а fly. Frogs 
were formerly believed to arise from the fed 15 ponds and 
streams. In many processes 


of decay, such as the fermentatio® 
of a soupy broth, no form o. 


i f life was visible to the eye and the 
process was still more mysterious, Under the microscope th? 


fermented liquid was seen to contain myriads of small creature? 
which were not apparently present in the Soup at first. 


Louis Pasteur, а French Scientist, pointed out the real natur? 
of fermentation. He placed a j 


Ea h 

! Soupy liquid in several flasks wit 
long, curved necks (Fig. 34), and boiled the liquid for some 
time. Afterwards he left the flasks to cool. No fermentati? 


a 
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took place and the Soups remained clear. Pasteur then broke off 
the upper parts of some of the flasks and left the liquid exposed. 
In a few days the liquids in these flasks became cloudy and 
Swarmed with micro-organisms. Pasteur explained his results 
as follows, “The boiling killed all living things in the soup, and 
Consequently it could not decay, Air alone did not cause decay, 
Since it could get in through the flask 
Necks, Dust and floating particles were 
trapped by the condensed steam in the 
Curved necks. When the flask was 
Opened, particles floating in the air could 
Bet in. Some of these particles were 
floating micro-organisms. They settled 
ОП the soup, grew and multiplied in it, 
and caused it to decay. \ 
Pasteur's experiment showed that living 
Ings did not arise out of non-living 
Matter, but had to be present before decay took place. The 
Process of boiling is one of several methods which we now use 
9 make objects or liquids free from living micro-organisms, i.e. 
Sterile. We shall consider this process, sterilisation, in more 


i detail in the next section. 


Fia. 34. 


The Control of harmful bacteria 145 

isease bacteria produce harmful effects on gehe ae 

°mestic animals and plants. Certain saprophytic bacter ikode 
cduse Wastage of his assets, and he must therefore adopt metho 


9f Preventin or diminishing such effects. : 
tetilisation destroys all ea of life in an object. A ate 
Y be sterilised by making it red-hot, thus killing even sp die 
on ary boiling unless prolonged does not kill spores, an 
Make а liquid side it may be necessary to boil three see à 
Merval Of a day or two, in order that spores shall resume tl ef 
qve orm егу dan be Ше d. Empty milk bottles are sterilise 
D J ing in steam, which is more effective than boiling m 
kiji d ilk is pasteurised by heating at about asteurisation 
access; St active bacteria but not spores. After р ле E 
ear Of more bacteria must be prevented if the 
3 SWeet and free from harmful effects. 
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i ‘ects of pasteurisation and sterilisation. 
ere Vocis a dai EE three conical flasks and label 
piaco 50,5 YS and * C." Loosely plug the neck of cach flask 

them > : 

yi Ен place. Stand B in a water bath which has been 
E а 145° F. ; keep it there for 1 hour and regulate the 

rm dc maintain the temperature at 145° Е. Keep С ina boiling 

Pater bath for 3 hour. After the heating keep B and C in the same 

ius as A, but repeat the heating of C on two successive days. r 

p Without removing the cotton-wool note the time taken for clotting 

to occur in each flask (do not confuse with the separation of cream). 


When clotting has definitely occurred in a given flask remove the plug 
and confirm by smell that souring has occurred. 


Antiseptics.—A. century ago hospital operations resulted in 
death from gangrene in almost half the cases. Lord Lister saw 
that the cause was bacteria which spread from patient to patient 


and grew in the wounds. Lister sterilised his instruments, at 
first with carbolic acid and later by heating. This reduced the 
deaths following amputation from 43 to 15 per cent, а. figure 
which has since diminished much further. Carbolic acid was 
called an antiseptic (anti—against ; sepsis—putrefaction, flesh 
poisoning) since it prevented the poisoning which usually followed 
Operations. More effective yet less corrosive antiseptics are. 
now used. | 
Operations now take place in special rooms where precautions 
are taken to prevent bacteria from reaching the wound. These аге 


known as aseptic (a—without) conditions. If we avoid dirt and 
cover food the sources o 


f bacteria and their chances of breeding 
are diminished, 

Disinfectants are chemicals used 
as distinct from the human bod 
both as a disinfectant and an antiseptic, but may be employed 
in more concentrated solution in the former case. 

Strong sunlight quickly kills bacteria and the bright but 
diffused light, such as is obtained in à light room, prevents their 
activities even when not actually destroying them, 

Other methods of bacterial control 

Sweetened condensed mil 
not absorb water or feed 


to destroy bacteria on objec 
y. Carbolic acid can be use 


к usually contains bacteria, but they can- 


Owing to the high concentration of зират 
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It easi iluti j 
imd = sour after dilution. Preservatives in food stop bacterial 
Bistum Жыр powerful ones, such as arsenic or naphthalene, 
Sie f decay of stuffed animals. 1 
А pe juice which has neither been heated nor contains pre- 
careful Alte паи its full flavour. Bacteria have been removed by 
activity, but c into sterile receptacles. Cold storage stops bacterial 
тела арым : е conditions must suit the particular food. Apples for 
apple resist E not be frozen since this kills the apple. The living 
stops th 5 decay better than the dead fruit. Desiccation or drying 

е activities of bacteria by depriving them of water. 


Bacteria and disease 
aa harm our bodies by producing poisons (toxins) which 
Dinkthes: tissues, and by actual invasion by the germs. 
барс» a germs settle in the mouth, throat or tonsils and 
the brain toxin which circulates and kills or paralyses cells in 
[S даш and heart. Tetanus (lock-jaw) toxin spreads along 
(del s to the brain and spinal cord, killing the nerve cells in 
Tegion. ве. In both these cases the actual germs remain in one 
eg is a disease of cattle which can spread to man. 
and mt bacillus (p. 62) enter through a scratch, multiply 
acteri , and may cause death from pressure of large masses 
pes aon a vital organ. 
Which a ly protects itself by means 0 
Deutraljs аск and devour germs, by for 
cake € the toxins and by producing ot 
П or kill the germs. 


f the white corpuscles. 
ming antitoxins which 
her substances which 


Usefu] bacteria 


Ham 
and bacon are “ cured ” by t 
is due to a compound, nitroso- 


Emo, > 
globin, of the blood pigment and a 


Produc 
carbon n. rom the saltpetre. Like the compound ] 
and onoxide, this substance is not easily converted to hzemoglobin 


the action of bacteria, but the 


ауоцг f converted into cheese by 4 7 
Organism nally obtained often depends on a succession of micro- 

“Sms, some of which are moulds (p. 71). . 
fter removing the 


еп is made from fibres of the stems of flax. A 


68 ELEMENTARY GENERAL SCIENCE 


i i “ retting "" 
the stalks are kept wet. Bacterial action known as g 

pes and loosens the fibres which can then be separated and spun 
into linen thread. b 
= Probably the most important of all bacteria are those concerned 
with the circulation of carbon and nitrogen in nature. Without their 
aid the present population (animals and plants) of the world could 
not continue to exist. We shall give them a section to themselves. 


The nitrogen cycle 


The remains of plants and animals in the soil are attacked by 
saprophytic bacteria. Proteins are converted to ammonium 


Dead protoplasm 
Saprophytic 
actería 


A P 
PATE Animal protoplasm 

Nitrifying 

bacteria 


ы DEC а Plant protoplasm 


Denitrifying 
bacteria Nitrogen fixing 
bacteria 
Free nitrogen 


Fic. 35. 


the nitrogen can be taken in 
rebuilt into proteins and proto 


Streams. Fortunately there are w 1 these 
losses. _Nitrogen-fixing bacteria live Benya M gn 

(Fig. 36) of legumes, plants with pods 
such as peas, beans, lupins, and the Ші crops, clover 
and lucerne. The bacteria in the root nodules convert nitrogen 


А 


o 
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Em air spaces in the soil) to compounds which they supply to 
he plant, which in return supplies sugars to the bacteria. We 
ave here an example of symbiosis, two 
Organisms living together and each 
Supplying something useful to the other. 
$ Certain districts in Britain are de- 
cient in nitrogen-fixing bacteria but 
Special cultures of them are now pro- 
duced and marketed.! 
Os eas: flashes cause the union of 
A oe of oxygen and nitrogen 
pas ultimately the formation of nitric 
ors This is. washed into the soil and 
s nitrates. 
ni wane upsets the natural circulation of 
wad E by gathering crops and by 
eer, ul methods of sewage disposal. 
oe uces artificial fertilisers and thus puts use! 
Circulation. 
The carbon cycle (p. 25) also depen 


Bacterial 
“4 Nodules 


Fic. 36. 


On the other hand he 
ful nitrogen back . 


ds on the action of sapro- 


Ammonium 
salts Dead protoplasm 
Carbon 

Living protoplasm dioxide 


Nitrates Proteins 


Nitrogen Cycle. 
Fic. 37. 


Carbon Cycle. 


sses of decay. The two 
bodies, the nitrogen and 
ds, the proveins 


hyti у 

a а bacteria Гог the essential proce 

Pur neide in part, since, in living 
"bon are present together in the same compoun 

(Fig зл), P 8 


1 
im, еззгз. Allen and Hanbury supply single test-tubes of this cu 


Sim; 5 
ple Instructions for its use in the inoculation of lucerne seed. 


Iture with 
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The * mutual benefit society ” in the case of the ве 
fixing bacteria and the plant IS not an isolated example o 
symbiosis. There is no digestive enzyme produced by the horse 
which can decompose cellulose, yet cellulose in the form of plant 
cell walls forms a large proportion of the horse's diet. Bacteria 
in the horse's intestine decompose the cellulose into material 


which the horse can utilise, In return the horse provides food, 
warmth and shelter for the bacteria. 


A number of animals are known ју 


hich are apparently green 
in colour, e.g. Hydra. 


The microscope reveals green plant cells 
living inside the animal. The animal provides home and shelter 
while the plants produce carbon compounds which the animal 
can use as food, е 


Viruses 


Smallpox and measles, foot-and-mouth disease of cattle and 
certain plant diseases 


n appear to be caused by organisms, yet no 
organism capable of causing them has been seen, even under the 
most powerful mi has been given to 
the causal orga Virus diseases are not yet 
well understoo an be treated in a manner 
similar to bact nation for smallpox). 

retain bacteria, and can be 


bacteria, 
Yeast 
Yeast is a Simple form of 
le 


e 
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enzyme, zymase, whi у 
um ase, which converts glucose int 
loxide. This latter process also produces EI ме 
CeH1206>2CO2+2C2H60 +heat. 

This is glucose alcohol 
erated ае of respiration. The plant uses the heat 
used enable it to form fresh protoplasm. Since oxygen is 
Del бы is anærobic respiration. However, the alcohol 
Ee in 8 4 the yeast eventually, and the process cannot 
through th efinitely. When yeast is manufactured air is blown 
Earl ater e M and the sugar is oxidised to carbon dioxide 
rapidly, . ore heat is produced and the yeast grows very 

Yea i 4 
лей builds fresh protoplasm using dissolved nitrogen com- 
Sian А sugars for the purpose. 
iM тура grow оп the cells and 
SE cru off, a method of reproduc- 0 
buds x budding. Sometimes the 0 0 
chain, аіл attached and short 9 

5 of cells result. eC 


h à 
оа op Pest is starved the proto- 
ach of E cell divides into four. 
With e subdivisions covers itself. 
Fic. 38. 


Which ^e Cell wall forming a spore 
The Spo capes if the yeast dries up. 
Suitable T are blown about. A num 
беја Кора and give rise to ordina 
Subseque oom ” of fruit consists in part 
When th, ntly form yeast cells ; these cause а 
Juices, ait is crushed and the spores mix with the sugary 
€ Yeast Den the process is complete the liquid is separated from 
east а nd fruit residues, and is known ‘as wine ог cider. қ 
and аге nd yeast extracts аге valuable sources of vitamin B, 
M often sold as food. 
uc 
Er i pin-mould 
t Wet а “--То grow апа examine ріп "mould. Р 
it. kee oe of bread and place it on a plate. Invert a dish over it 
at intery, oist and leave it for several days іп a warm place. Examine 
» Vals of a day or two, using à pocket lens. Note particularly 


ber perish but a few find 
ry yeast cells. 

of yeast spores which 
Icoholic fermentation 
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lours are due 
ould, Mucor. Patches of other со! 

Ме ин al to bacteria. When there are well ae 
Е eh х of Mucor, carefully examine its upper surface and ~ d 
erc slice through the bread at the spot and examine the 
surfaces. Describe your observations. 


i j damp bread, 

Mucor, the grey mould which develops on jam or 
is peser by араны spores. When опе settles on damp bread 
it sprouts and sends a hollow branching tube, or hypha, down 


Ла. 1b. 1c. 


Fic. 39. 
Mucor. Та, b,c, d,e: devel 


1 lopment and branching of ћурће from a spore 
2a, my, mycelium; Sp, 


Spore case. 2b, spores inside spore case. 


into the bread. The branching hyphe form a mycelium ОГ 
network of thread-like tubes (Fig. 39). 


Mucor is saprophytic. The hyphz secrete enzymes which 
dissolve some of the bread outside the tube. The nutrient 
solution is then reabsorbed and used as food. 

Mucor reproduces by spores. Some of the hyphe grow away 
from the surface, and dark-coloured spore cases develop, giving 
the appearance of а number of black-headed pins, which 15 
responsible for the name pin-mould, Spores develop inside the 
case and escape when it bursts. Those of them which later fa 
on suitable material, such а5 jam, or another piece of damp 
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bread, s i 
E eis. prout, send out branching hyphe and form fresh 
Mucor can also jugati 
h reproduce by conjugation between the ti f 
gn m two slightly differing types of the mould. A Ea 
е S apes p after a period of rest, produces a spore 
. spores, when released i ive ri 

Es Macar pene eleased from this; can give rise to 


Fungi 
Е ниц plants which have no chlorophyll, e.g. yeast 
ait rg mi ge org! Another fungus is the bluish-green 
, W 
to adstool we аад, arger examples are the mushrooms, 
ec. rather an exceptional type of fungus, but Mucor illus- 
plants im of the more general characteristics of this type of 
оба n the absence of chlorophyll a fungus cannot build up 
Sq E rates from water and carbon dioxide. Consequently it 
Cuisine өрімі with complex food substances. It usually 
RS hese by a mycelium of hyphæ which secrete enzymes 
VOS sorb the digested food. A fungus usually reproduces . 
сыр re formation, though, as we have seen, there are also other 
ods, 
ЊЕ to their method of nutrition. 
CUN, amem: in which case they 
ich іп which case they are saprop 
pln number of fungi which live in partners 
, another example of symbiosis. 


fungi must feed either on 
are parasites, or on dead 
hytes. There are in addi- 
hips with green 


Damage by fungi 
Possibie plant diseases are caused by fungi, an 
andling Plants may be protected by spraying and by careful 
Plant 57 since attack often starts on à damaged part. Опсе the 
it ma attacked the affected parts may be cut off and burnt, or 
Y be necessary to burn the whole plant. Some fungi 


da 

host. 60 plants by producing toxins which enter the tissues of the 

Which = such cases it is often possible to produce varieties 

Potatoe Te immune to a particular disease. Dealers 1n seed 
du classify their products as immune or otherwise to wart . 


and cures are seldom 
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disease, a fungus pest which produces wart-like excrescences on 
np тант fungus, almost destroyed the Irish 

T Me EON a century ago and produced widespread 
Pes ich about a quarter of a million people died. 
xo 20 so called from its appearance on infected leaves, is 
ds chief wheat pest in this country. It destroys leaves, em 
preventing photosynthesis and reducing the yield of prain: 1 
persists throughout the winter on self-sown plants (pro ro 
from seeds which have fallen out of the ears) and reinfec! 
subsequent сгорѕ.1 Important varieties of wheat which are 
immune to this have been produced (p. 225). 

Ringworm, trench feet and mou 
diseases, but on the whole fungi tend 
whose stomata and breathing tubes 
to the less protected inner parts. 

Dry rot of wood is caused b 


lds on salmon are fungus 
to attack plants and insects, 
respectively give easy access 


y а saprophytic fungus, the 
ly the chief cause of the annual 
“renewal of 500,000,000 posts on the United States’ railways. The 
use of wood preservatives and of concrete posts have reduced 
much of this needless waste, 


Useful fungi 


Yeast is used in the beer, wine and c 
bread-making where the bubbles of 
bread to “rise.” Other kinds of 
reactions and it is necessary in yeast 
fully the kind which is required, 


onsible for the ripening and flavour of certain 
types of cheese, €. Gorgonzola. Lichens are associations 
i fungus and another si 


; and many of the colours u 
obtained from lichens. 


Manna, on which the children of Israel 
fed in the wilderness, co Wind-borne “ rains 
of manna still occur. 


ider industries, and in 
carbon dioxide cause the 
yeasts produce different 
production to isolate care- 


Mushrooms and many other fungi including truffles and toad- 
Stools are used as food, particularly on the continent of Europe. 


! Other rusts with more complicated life-histories are also known. 
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Near Bath an 

mm annual crop of 250,000 Ib. of mushr i 

Pans lesa ace tunnels, while a similar iH yond 
ИЕ uces 23 tons per day. These eum 
zc p propagate the fungi by 
chiefly. of th spawn ” which consists 
e, the mycelium. Cultivation 
ae pores has not yet been com- 

cially successful. 


Dodder 


So 6 
Doda, out plants are parasitic. 
Varieties d 40), is a flowering plant, 
nettles of which are parasitic on 
seed amy hops and clover. Its 
А ай а little reserve food. 
emerge од ће first part to 
or Че (он in the soil, but later reddish 
€ leaves read-like stems curl round 
and. there and stems of the host, here 
to the aening in suckers (Fig. 41) 
is found ihe wood vessels. If no host Fic. 40. 
nection wi e seedling dies. The con- 
thereafter т the soil withers soon after the host is found, and 
odder draws all supplies from its victim. 
Dodder bears no foliage leaves but 
late in the season forms groups of 
small flowers which can be either 


wind- ог self-pollinated, and give rise 
to seeds. 


Mistletoe 
Mistletoe is an evergreen which 


contains chlorophyll. [5 white 
tain seeds and a sticky 


a berries con 
ne get substance. When birds eat the seeds, 
Tees stuck to their beaks and are wiped off on branches of 

te and produce suckers 


Ss, 5 е ) 
Which ied spread in this way germina 
etrate to the wood vessels of the tree. Next year 


t 
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leaves are formed and the plant behaves as a partial parasits 
drawing water and salts from its host but carrying out photo- 
synthesis. Branches of the sucker spread along crevices of 
the bark, put down fresh suckers and give rise to fresh bushes. 


The chief host is the apple, but oaks and other trees are seen 
bearing tke well-known bushes. 


CHAPTER 8 
FORCE. CENTRE OF GRAVITY. MACHINES 


What is а force? 
оов we all understand in a general 
lo is € word *' force," careful consideration of what a force can 
E не before the scientific meaning of this word can be 
motion. _ Every object at rest tends to remain at rest, ог, if in 
Speed n, it tends to continue its progress without alteration of 
We sa or direction, Because of this tendency to remain as it is, 
or m У that the object possesses inertia, and its condition of rest 
lo ba. nent can only be altered by overcoming its inertia. To 
Cos we must apply a force. Ыт 
by Er the operation of a garden roller. The force applied, 

Uscular or mechanical means, may 


(9) set the roller in motion and quicken its $ 

(c) "m down its motion and stop it; 
Пе за its direction of motion. 
or APER nstance the action of the force changes either t 
це rection of movement of the roller. rc. 
the „о also recognise that а force must be employe = 
р lie "d moving at a steady rate, OT. if the roller 15 А e 
ыр ‘cation of а small force may not start it from rest. T кеі 

siderat contradict the principle of inertia. In practica 
Ern of movement on earth there are alway: 
accelerag aa the chief of these is friction. -ply i 

Neutrali Ing the roller, part of the force m рр 
Accele, Se these resistances, and the remainde о 
si Tates the roller. If, when the roller is in mott Я 
of руе force is removed, the resistive forces reduce 7 т 
to „У Toller and bring it to rest, The inertia of the rolle! 
“intain the motion ; the resistive forces change this motion. 
71 


way what is meant 


peed ; 


he speed 
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i ient force 
i dily we must apply sufficient 
he roller moving stea: 1 Яң 
"i uel the resistance, but no extra force is needed 
o - 
intai otion. > . : 
Ac es therefore, that the action of a force is to БЫ 
те (һе inertia of an object, either by changing its speed, = 
deen or both. The precise conceptions of inertia an 


force were first clearly stated by the great English mathematician 
and scientist Sir Isaac Newton (1642-1727). 


How forces are measured 


Consider a lump of metal suspended by' a string. Gravity 


(Book II, p. 219) tries to pull the lump towards the centre of 


the earth. Thus Bravity produces a force, The strength of this 
force depends upon the obj 


We learned in Book I (p. 8 
to find the weight 
cates the wei 


) that a spring-balance can be e 
ofan object. The reading on the scale indi 


ight suspended on the hook and therefore indicates 
the force on the hook, 


A spring-balance can therefore also be 
used to measure forces, 


The turning power of a force 
object is provided With a fulcrum about which it can 
application of 

жз 


П of a force at any other point of it will cause 
estigate th 


If an 
turn, the i 
it to turn, € turning-power of a force as follows : 


Tum at its centre, The latter 
Peg inserted into a hole in the bar, but à 
i -edge support (Fig. 425) is 

in inches and tenths (or cm. 
* If the bar does n 


5 [ ot balance, a Paper rider should be appropriately placed 
on it to make it balance, 
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a Sei 

XM. with the zero of the scale at the fulcrum. Sets of 76 

24 г 50 grm.) disc weights А and В are suspended from the 
29) cotton loops. 

Yes pes В are first made equal and their positions adjusted to 
P the bar horizontal The weights and their respective 


(a) 


Knife-edge Brass strip 


(b) 


Fic. 42. 


di 
ae from the fulerum are recorded. A is not altered in 
Sisi ae but B is now altered in weight and its position 
istang for the bar again to balance. The new weight and its 
the size from the fulcrum are recorded. A series of values for 
Ze and position of B is entered in a table. 


Force B Distance from fulcrum Force x distance 
fern = 


ot Ib: . 60 in. 24 


throughout the experi- 
When the bar 


Equals 
that of A. Hence, for each set 


— sees vy uie great English mathematician 
and scientist Sir Isaac Newton (1642-1727). 


How forces are measured 


Consider a lump of metal Suspended by a string. Gravi 
(Book II, p. 219) tries to pull the lump towards the centre o 
the earth. Thus gravity produces a force, The strength of this 


force depends upon the Object on which it is acting. Thus the 
force on a 2-Ib. weight is twice as great as that on a 1-Ib. weight. 
We shall call t 


he force of gravity acting on a 146. weight а 
force of 1 Ib. The advantage of this method of stating strengths 
of forces is that we can easily arrange measureable forces in our 
experiments. : 

We learned in Book I (p. 8) that a spring-balance can be used 
to find the weight of an Object. The reading on the scale indi- 
cates the weight suspended on the hook and therefore indicates 


the force on the hook. A spring-balance can therefore also be 
used to measure forces, 


The turning power of a force 


If an object is provided with a fulcrum about which it can 
turn, the application of a force at any other point of it will cause 


ittoturn. We investigate the turning-power of a force as follows : 


Expt. A.—To investigate the turning power of a force. 

The apparatus (Fig. 42a) consists of a wooden bar XY, about 
20 in. long, provided with a fulcrum at its centre. The latter 
may consist of a thin Peg inserted into a hole in the bar, but à 
Specially made bar with a knife-edge support (Fig. 425) is 
preferable.1 


The bar is graduated in inches and tenths (or cm. 
* If the bar does not bal 


lance, i iately placed 
on it to make it balante 6, а paper rider should be appropriately p 


(а) (селесі) 
Knife-edge 


Brass strip 


(b) 


Fic. 42. 


dista 
< "ance. А 2 
Size or Rn the fulcrum are recorded. A is not altered in 
position, but B is now altered in weight and its position 
The new weight and its 


adjust, 
tance x the bar again to balance. 
Тр Шош the fulcrum are recorded. A series of values for 


Size 822 z я 
and position of B is entered іп а table. 


Force x distance 


24 


For 
ce B Distance from fulcrum 


0- 
4 Ib. . 60 in. 


As Aj 

eat Gee unchanged, in size and position, throughout the experi- 

S balane turning-power on the bar is constant. When the bar 

Equals 5220, the turning-power of B, acting in the opposite sense, 
at of А. Hence, for each set of readings, the turning- 


D 
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power of B must be constant. Now multiply together each value 
of B and its corresponding distance from the fulerum, and 
enter the products in the third column of the table. We find 
that, allowing for experimental error, the products are constant. 
Thus we conclude that the turning-power of a force can be 
measured by the product of its Strength and its distance from the 
fulerum.! The turning-power of a force is also called its moment ; 
it is described as clockwise or anti-clockwise in accordance with 
the direction of the turning it may cause. 

The moment of A can be calculated and compared with that 


of B. They are found 
to be equa. Now 
assemble the apparatus 
as in Fig. 43, and test 
whether the moments 
of A and B are equal 
for this arrangement. 
Test also when B is 
acting nearer to the 
fulcrum than A. We 
conclude that the bar 
balances when the 
clockwise moment 15 
д equal to the anti-clock- 
This fact, first Worked out by Archimedes 
called the principle of 


the lever, 
The principle of the le 
The balance ог“ 


wise moment, 
(Book I, p. 17) is 


- Inscriptions on tombs 
Was known to the ancient Egyptians, Although 
by the equality of the 
“pans, a knowledge of the 


s use of the instrument. AS 

are equal, the weights in the scale-paris 

must be equal when the beam balances, It is possible, however, 
* If the direction ОЁ the force i 

VENERE Sree is not perpendicular to the bar, the perpen- 

oe ce between the line of action of the force and the fulecum must 
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by utilisin inci 
g the principle of the lever, to wei ject i 
опе standard vazit nde , to weigh an object if only 
E 
p obj E -—To use the principle of the lever to determine the weight of 
A " 
amu Graduated lever with central fulerum and support, 
pete. ag 3 Ib. or 200 grm.), metal lump, cotton loops. 
adjusting a e lever and, if necessary, make it rest horizontally by 
d Conon i paper rider on one arm. Suspend the metal lump A by 
suspendin г from the left-hand arm and restore the balance by 
right-han t е known weight B from the appropriate point on the 
supportin arm. Record the distances from the fulcrum of the loops 
of b f gAandB. Alterthe position of A and readjust the position 
pee Жат а balance, and again record the distances. Three or four 
readings are taken and entered in a table : 


B Distance of B Moment Distance of A А 
- | from fulcrum from fulcrum 
05 b. 0-64 Ib. 


83 in. 415 655 in. 


each set of readings 
the left-hand 
verage value 


(е 

mes the moment of the right-hand force B for 
orc noting that the value also gives the moment of 
for "dac work out the value of А. Finally evaluate an а 


The Roman Steelyard (Fig. 44) utilises the principle of the 


Ove experiments, but is arranged so that the required weight 


ab 
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i calculation. It consists of a steel bar 

EC 55 Жы xr due arm (with its hook), even when unloaded, 
pede than the longer arm, so that a constant sliding weight S is 
ie mired to maintain the balance. S must be placed at O тазы. 
load hangs from the shorter arm. The object W to be 2. ed 
suspended by the hook on the shorter arm and 5 move lcs 
right to restore the balance. A scale of weights is mar ws 

the longer arm and the weight of W is read off at the positi $ 
of S. The steelyard was used by the Romans for weighing corn. 

' We use it nowadays for weighing heavy and bulky objects. 


The replacement of several parallel forces by one force 


Consider an object which is acted upon by a number of peel 
forces, e.g. a scout’s trek-cart being towed by several scouts eac 

pulling, in the same direction, on separate ropes. We bg ne 
how strong a single force must be, and at what point it mus 
act, to have the same effect as the parallel forces. 


Expt. B.—To investig 
forces by a single force, 


ate the replacement of a system of parallel 

A wooden bar or lever, 
provided with a hook at the 
centre of its upper edge, 15 
Supported horizontally e 
а spring-balance. Severa 
sets of disc weights A, B, С, 
D, are suspended by cotton 
loops from the bar and EE 
positions adjusted so tha 
the bar balances (Fig. 45). 
The values of the weights 
and the reading of the 
spring-balance are recorded. 

The weights A, B, C, D 
form a system of paralle 
forces. If a single force is 
to have the same effect on 

the bar it must (a) keep 
ntal, (Б) give the same reading of the spring- 
dition (а) is satisfied if the single force is sus- 


Fic. 45, 


the bar horizo 
balance. Con 
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Е абва immediately below the spring-balance, i.e. af те point 
5 сш which the bar is made to balance. Why? We therefore 
Sd E the weights A,B,C, D and suspend a single set of disc 
E E чик 2. below the spring-balance. The weight is 
co ljusted until the spring-balance gives the same reading as 
БР iously. We find that the single weight must equal the sum 
the weights A, B, C, D. 
E System of parallel forces can be exact 
5 - force, equal in strength to the sum of the 
th е balancing point of the forces. The sing 
е resultant of the forces. 


ly replaced by a 
forces, and acting 
le force is called 


Centre of gravity 
us now consider more carefully the force 
POM object. Every particle of the object expe 
his Pull, i.e. every particle has weight. 
of multitude of forces forms a system 
Bit a forces and their effect on the 
Single се: be exactly represented by à 
alan force, the resultant, acting at the 
single fe point of the forces. This | 
es orce W (Fig. 46) is the sum of 
ерага(е forces and is therefore equal 


of gravity acting 
riences a down- 


to А ; 

de s Weight of the body. It acts ata W 

if u^ point G. The object behaves as i d 
е 


85 Weight were concentrated at оп ~ 
ir This point is called the centre of gravity of the objecti E 

bala € object is to be balanced on a single support, е. al р 
: Need on the finger-tip, the support must be vertical yi Я ow 
Pe се of gravity. Similarly, if the object 1s suspende ve 
18, ог pivoted, it will come to rest with the centre of gravity 


Vert; 
lcally below the support. 


To Р 

find the position of the centre of gravity КЕ: 

© centres of gravity of regular geometrical shapes (6.6. ©" 

ngle) cut fr ot ‘hin, dde material are at their OUR 

сата Thus the centre of gravity of a rectangular Ps of 
Card is at the intersection of the diagonals. In 


Tecta 
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other geometrical shapes (e.g. semicircle) and irregular shapes 
an experimental method may conveniently be used. 


Ехрт. 2.—To determine the centre of gravity of a semicircular sheet 
of cardboard. 4. 

Apparatus : Semicircular sheet of cardboard (diam. 7-8 in.), large 
pin, plumb-line, drawing-board, stand and clamp, cm. scale. 

Clamp the drawing-board vertically and suspend the cardboard in 
front of it by means of the pin through a hole P near one corner 
(Fig. 47. See that the 
cardboard swings freely and 
then attach the plumb-line 
to the pin-so as to hang 
just in front of the card- 
board. Mark а point О 
immediately behind (һе 
lower part of the plumb- 
line. Pierce another hole 
R and repeat the operation, 
50 marking another point S. 
The required centre of 
gravity is vertically .below 
P in the first case and 
vertically below R in the 
second case. Make the 

necessary construction to 
нот: fix the union of the centre 
point by means of a suspension from a A and e o 


b ing t nother hole T. Check also 
сао ng to balance the cardboard on the pin's head placed at this 


я will an object topple over? 
XPT. 3.—Dra i 

eges Xu diagonals on the face of a rectangular piece of 
Baar e uer ea Pene of gravity. Place the cardboard fiat 
to overbalance, note the P У Push it over the edge. When it begins 


to the edge of the bench, osition of the centre of gravity with respect 
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БЕН екенин shows that as soon as the object is moved so 
е vertical line through the centre of gravity passes outside 


G 


iti 2 


(а) w 


Fic. 48. 


Бір. 48 (а) shows the 


the surface of the support it will topple. 
ntre of gravity G above 


oo in a safe position with its ce 
Eme Fig. 48 (b) shows the 
edge oare projecting so far over the 
2 4 the bench that the vertical 
bench rough G passes outside the 
board The weight of the card- 
Баг eed at G, has a moment 
m the edge of the bench and so 
3 nt turning of the cardboard 
t de 2m h 
ecessary that objects whic! 
Must be free from көрді if slightly Я 


tilt 
top, на. be so designed that the w 
MEAN acting at the centre of Fic. 49. 
y, always tends to restore the » 
ntre of gravity ofa 


Object to ; 

to its normal position. Thus the ce у 

5 arranged to р as low as so that if the bus is 
к t 


us 
h a much larger 


n is likely to be experi- 


in 
8 toys are based on this, and Fig. 


та S 
ke one from an empty match-box and a penknife. 
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Simple machines 


З imito 
Man frequently uses some Root appliance E enable ales 
rform his tasks more easily. mason u op сай 

Ж hoist stone blocks, a countryman uses a winch to rai: 

bucket of water from a well, a boy uses a tyre-lever to temane 3 

bicycle tyre. These appliances аге examples of simple mac! iner 

Many such machines have been known since early times. W из A 

and levers are of great antiquity. The stone blocks used in T 

building of the pyramids were probably hauled up specially mac 

inclines of earth. Archimedes first understood the main prin- 


ciples underlying simple machines and devised many fearsome 
machines to defend his city against the Romans. 


What will a simple machine do? 

In all simple machines a force, called 
applied. The action of the machine is tom 
force (usually greater) to raise a load or 
We define the mechanical advantage of the 


the effort, must be 
ake available another 
overcome a resistance. 
machine thus : 


А ; resistance overcome 
Mechanical advantage —!*9'stance overcome 


effort exerted 
If this is greater than unity, the machine makes available a force 
greater than the effort, 

The distance throu 
equal to the distanc 
and therefore the еј 
than the resistanc 


gh which the effort moves is not necessarily 
€ through which the resistance is overcome, 
ffort may move more quickly (or more slowly) 


© overcome. We define the velocity ratio of. 
the machine thus : 


Velocity ratio— distance through which effort moves 


distance through which resistance is overcome 
Tf this is greater than unity, the resistance is moved a distance 
less than the effort and therefore more slowly. 


Levers 


The lever is one of the simplest machines and often an impor- 
tant part of more 


complicated machines. The three kinds (or 
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poen) of levers have already been described (Book I, p. 124) ; 
с ese must now be examined more closely to determine how 
seful, or otherwise, the levers of each order may be when used 
as machines. қ 


First order. Fulcrum between effort and resistance (Fig. 51) 


Referring to Fig. 51 a, it is evident that if the bar balances, 


resistance xarm CF —effort xarm FD. 


ow moves the resistance. If 


A very slight increase in the effort n 
i.e. so that the mechanical 


this lever is to be employed usefully, 


ae Е р Е 
rum | Effort 5 
esistance (a) Ñ 


Effort 


Metal strip pressing 
—on sac (Resistance) 


Fulcrum 


ra 
Effort 


Ee 


m 
ш 
S 
2 
с 
- 
rra 
6 22722272 222220 
(UI 


"m 

D == 0) Resistance 
—— 225 

(c) @ 

Fi. 51. 

arm FD must be greater than the 

der are the handle of a lift-pump 


bicycle, the lever of a “ self- 
а a claw hammer used 


ad 

En ee exceeds unity, the 

ES F. Examples of this or 
"Speed gear lever on а 


filling » 
ing” fountain pen (Fig. 51 9, 4) а" 
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or extracting à 5 rg rden shears 
fi tracti nails. A pair of scissors o a 
(Fig. 51c) 15 an example of a double lever of the first order. 


Second order. Resistance between fulcrum and effort (Fig. 52) 


For convenience the fulcrum is usually placed at the end of the 


bar. In this order, since the arm FD always exceeds CF, the 


i f 
mechanical advantage is always greater than unity, and levers o 


ly for raising 
his order may always be employed advantageously Я 
ae loads through short distances, Examples of this order 


Effort 
F GN Бр 


Resistance 


(a) 


Effort 
Fulcrum 


Nut 
(Resistance) 


(c) 


Resistance 
(b) 


Fic. 52. 


are а tin-opener (Fig. 52 8), the brace and bit, and a pair of 
bellows. A pair of nut-crac 


kers (Fig. 52 c) is a double lever 
of this order, 


Third order. Effort between fulcrum and resistance (Fig. 53) 


Since the Conditions of this order reverse those of the second 
order, the arm FD must alw; 


ays be shorter than CF ; thus He 
“ауз less than unity, and levers 0 
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safety- 
ety-valve of a steam-engine (Fig. 53 b), and, as a double 


lever, a pair of coal-tongs (Fig. 53 c). 


Effort 


3j —— Coal 
(Resistance) 


0 Steam 
| outlet 


1 
The hu ~ 
levers AIL D) provides examples of al 


(b) (c) 


Fic. 53. 
1 three orders of 


pe in machines 

e UT mE demand that the effort or the resistance must 
еуісе m through a large distance, à machine involving а rotating 

i ust be used. 
ent uper a shows a simple winch. 
Move ТЕ the principle of the lever, à 
andle pie large distances. Fig. 54 b shows that if the 
With the Ps. the opposite side to the rope (eg. at A) it forms, 
Same side as ho. lever of the first order, and when it is on the 
Order г as the rope (e.g. at B) it forms = lever of the second 
than unin, both positions the mechanical advantage 15 greater 
and p nity. Ву considering the distance moved by the effort 
Teat Y the load in one turn, tio is seen also to be 
Ка than unity. 
спан T Is.—If a small cog-wheel drives а lar, 
Ore 510 al advantage exceeds unity, but the larger 
Му. A large cog-wheel drives à small one mo 


Its action is really depen- 
but both effort and load can 


the velocity та 


ge cog-wheel, the 
wheel turns 
re quickly 
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i io i ber 
i . The velocity ratio is that of the numt 
i ae da wheel to the number of ey a the тер. 
еа і i if the cog-wheels, inste 
e result is achieved if the 0g b : 
D eC aes linked by a chain, or if pulleys are linked 
ou (friction causing the belt to turn with the pulleys). 


N | с 2 Fulcrum 
| "m A 
que са 


Effort 


1 
П 
D 
' 


(a) v (b) 


Fic. 54. 


The driving mechanism of a bicycle utilises both principles 
described in this Section. 


Draw a simple diagram and state the 
action of each part. 


Pulleys 


Expt. C—To study the mechanical advantage of a single pulley 
which is (a) fixed, (b) movable. 


(а) The apparatus is 
cotton and +; 


Pparatus is assembled as in Fig. 550. Тһе fixes 
pulley is used to enable the effort to pull downwards ; it doe: 


* Тһе effort required to load slightly exceeds that to maintain 


Н Start the 
otion and produces ассеје 


ration. 


mi 
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not appreciably alter the mechanical advantage. The effort 
required just to lift a given load is found and the mechanical 
advantage evaluated. By measuring the vertical movements of 
the load and the effort, the velocity ratio is deduced. The 
Procedure is repeated for different loads. We find that the action 
of a movable pulley is to give a mechanical advantage of nearly 2 
and a velocity ratio of 2. 

A knowledge of the action of single pulleys enables us to 


= 


Fic. 55. 


Understand the action of more elaborate systems. The block 
and tackle will be studied in illustration. 
1 Expt. р. То study the mechanical properties of a block and 
асе, 

The apparatus (Fig. 56 а) consists of а fixed “ block " 
varying ira e ed a lower movable “ block” with two 
Pulleys. (Іп practice the pulleys are mounted freely, side by 


i d 
Sie i leeks Tig 36) Tie same cod Pede 


all the OT | 
БИДЕН, ne eade 1 single fixed pulley for the авва. 

On of the eff The appro riate measurements are made to 
Stermine ст peek rem and the velocity ratio for 
€rent loads, and the results en 
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Mechanical| Distance | Distance Velocity 
Pg. Hoi advantage | ,тоуей moved ratio 
by effort by load 
14 Ib. 0:44 Ib. 32 3:0 in. 0-75 in. 4 


Does the mechanical advantage change with load? How can 
you account for this ? 

In practice the movable block 
may contain more than two pulleys 
and the fixed block an equal number 
of pulleys. The fixed pulleys serve 
to alter the direction of pull, with a 
slight loss of usefully applied force. 
Each movable pulley gives a velocity 
Tatio of 2 and a mechanical advan- 
tage of nearly 2. 


Work and efficiency 


Our study of simple machines . 
Shows us that a large mechanical 
advantage is always accompanied by 
а large velocity ratio. Thus if a 
small effort is to be used to over- 
come a large resistance, the effort 
must move, in the same time, 
through a greater distance than the 
resistance. The figures obtained in 
our experiments with pulleys show 
that the mechanical advantage 1$ 
Toughly equal to the velocity ratio. 
We now investigate this more fully. 

When a force overcomes a resist- 
апсе and moves the point at which 
Th В 3 it is applied, work is said to be done. 

us work is done in dragging a box along the ground, in rowing 


Load 


Fic. 56, 
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i i arcel upstairs, in winding a clock. If the 

ЗЕ Ае aes the rola where it is applied, no wes 
ienti is done. 
ds eset e by a rope and single fixed pulley to the top 
of a building, it is evident that the work which has to be dons 
depends upon (a) the weight to be overcome, i.e. the Jore 
required, (b) the height through which the load is raised. The 
quantity of work done is measured by multiplying together these 
two factors . f 
Work=Force x Distance. 


If a force of 1 Ib. operates through a distance of 1 ft., 1 р 
pound (ft.-Ib.) of work is done. If you carry a 1046. parce 
through a vertical height of 20 ft., you do 200 (i.e. 10 x20) ft.-Ib. 
of work (plus the work done in raising your body 20 ft.). 


In the record given (p. 92), an effort of 0-44 Ib, raised a load 
of 1:4 lb. Not all of this effort is used in raising the load, for 
the lower block has to be raised 


as much as the load and the 
axles of the pulleys are not frictionless. Now when the load is 
raised 1 ft., the effort moves through 4 ft. Thus the work done 
by the exertion of the effort, called the work done on the machine, 
is 0:44 x4=1-76 ft.-Ib., but the work performed solely in raising 
the load, called the useful work done by the machine, is 1:4x1= 
1-4 ft-lb. The fraction 14 shows how efficiently the work 
done by the effort has been used by the machine in raising the 
load, and is called the efficiency of the machine. 

4 ful work done by machine 
Ет, . use 
a work done on machine 


It is usually expressed as a percenta 


Now evaluate the ficiency for different loads raised by the 
block and tackle in Expt. D. 


14 
Be, e.g. 156 9 per cent. 


The screw 


A screw is a cylindrical or tapering rod with a ridge or thread 
arranged spirally round its curved surface. The distance 
between corresponding Points of the thread (ер. A, B, Fig. 57) 


advanta ge. 


o 
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Is cons А 
ios сваеи pitch. If the screw is turned into 
advance by Wem grooves to correspond to the thread, it em 
is fixed, a free 5 for each turn. Alternatively, if the Screw 
can carry а lo и et may be caused to move. The moving part 
effort must b ad or overcome a resistance. The 
eg, by actin e applied to cause the screw to turn, 
Screw, g on an arm at right-angles to the 
Th 
ee of a screw can be understood 
i in, the e illustrative figures. If the pitch is 
If the eff screw will advance 1 in. for each turn. 
ort is applied at the end of a bar 6 in. 


Fic. 57. 


.Jng, it wi 
will move 2тх6 in. for each turn. 


€ veloci m 
е uy ow ratio 15 therefore 1272-8 —302. Although the 
5 high s screw 15 Very low, because of excessive friction, 
ocity ratio is the basis of a large mechanical 
Note 


А саг * » 
screw-jack is shown diagrammatically in Fig. 58. 


Fic. 58. 


DN 
& mec! : 
hanical advantage is gained (а) 


Ommy.par » 
Ноу Y-bar," (Б) by the cog-wheels A an 


by the leverage on the 
d B, (c) by the screw. 


fas 
can a machine work? 


са еп wi š р 
Pable of d begin a car journey W 
oing the necessary work to overcome 


the engine is 


e assume that П 
the resistance 
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to motion, but we are interested to know how long tke journey 
will take, ie. how quickly the engine can work. The гаје at 
which an engine can work is called its power. 
Power=Rate of doing work. 
It is measured in ft.-Ib. per second or ft.-Ib. per minute. 

James Watt (p. 99) decided to compare the power of an 
engine with that of a horse. By testing the performance O 
horses he concluded that an average working horse can do 
33,000 ft.-Ib. of work per minute. This rate of working is calle 
l horse-power (H.P.) Then a 20-H.P. engine can work at а 

` rate of 20 х 33,000—660,000 ft.-Ib. per minute. A man's power 
is about $ H.P., but, for a short period, he can work faster than 
this. 

Problem.—An engine is required to pump water at the rate of 
1,000 gallons per minute to a height of 66 ft. At what Н.Р. ти 
it work ; 

1 gallon of water weighs 10 Ib. 

Ж 1,000 gallons of water weigh 10,000 Ib. 

“. Work to be done per minute=10,000 x 66 ft-lb. 

<. Power required =? 0x66 _ 

33900 - 20 H.P, 


CHAPTER 9 


ENERGY 


What is energy ? 


In Chap. 8 we learned that work is done when a force over- 
COmes a resistance and so moves the point where it is applied. 
Any object or material which is capable of doing work is said 
to possess energy. Energy is the capacity to do work. We now 
study the different ways in which objects may possess energy. 


The two chief forms of energy 


ба moving hammer drives іп а 
ne Wood. Wind propels a sailing 
e water. Running water turns à 
Motor-car may demolish a wall. 
agent (the hammer, the car, etc.) was able to do work because 
it was in motion. All moving objects possess energy. The energy 
Possessed by objects because of their motion is called kinetic 
energy. 
_ When a cricket-ball is thrown vertically into the air it possesses 
kinetic energy. At its highest point, however, it is momentarily 
at rest. What has happened to its kinetic energy? During its 
Teturn towards the ground it regains its kinetic energy. From 
where has this energy come ? We must conclude that when an 
object is in such a position that it can fall it possesses energy, for, 
as it falls, kinetic energy is acquired. А 
di € wind up a clock-spring and it is then able to drive round 
© Wheels and hands. The spring, because of its constrained 
Position, possesses energy which becomes available as kinetic 
ву when the spring recovers its normal shape. | 
a NY object which, because of its constrained position or shape, 
quires kinetic energy when released, is said to possess potential 
97 


nail against the resistance of 
ship against the resistance of 
water-wheel. A badly driven 
In all of these examples the 
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i j ial energy work 

. We note that to give an object potential. У 

aie! be done, e.g. throwing the ball upwards, winding the clock 
spring: 


What is heat? 


MS n 
When a can of water is placed over a flame, “ something 

passes from the flame to the water, making the latter get hot. 
This * something ” we call heat. We wonder, as scientific men 
did for many centuries, what this “ Ў 
eighteenth century it was supposed that heat was а mysterious 
fluid called “ caloric.” This could flow from one substance to 
another and fill the crevices between the particles of which the 
substances are made. When absorbed it could not be detected. 
Thus water (with its high specific heat) could absorb large 
quantities of caloric and yet not appear to get very hot, but when 


two rough surfaces were rubbed together some caloric was 


squeezed out and this surplus caloric caused a rise in temperature. 
There are two importa’ 


nt objections to this theory : 
(1) A hot object does not weigh more than when cold and 
thus caloric must have 


no weight! Yet weight is an essential 
property of all substances. 


(2) When a hole is drilled in a piece of metal both the drill and 
the metal get hot. 


Further, heat is continually produced for as 
long as the drill is 


Worked. The supply of heat is inexhaustible, 
and it is absurd that the drill and the metal should contain an 
unlimited amount of caloric, 


This was realised by 


Count Rumford who, in 1798, noted with 
surprise the high tem 


perature of the chips of metal made during 
the boring of cannon. 


He conducted further experiments to 
determine the source of the heat and concluded that its production 
was entirely due to the топоп of the borer. 

In such experiments work has to be done to maintain the 
motion against the forces of friction. We remember that when 
work is done to lift 


of energy. This conc 


pted very slowly in spite of 
the experiments of C 


ount Rumford. It was finally established 


something” is. In the | 
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by J. P. Joule who later proved that the expenditure of a definite 
quantity of work produces a proportionate quantity of heat (p. 108). 

Heat, being a forn, of energy, must be capable of providing 
work when suitably harnessed. The steam engine and the steam 
turbine are convincing proofs of this capacity. 


Steam engines 

„The honour of first applying steam to produce motion of a 
piston in a cylinder belongs to a Frenchman named Papin (1647- 
1714). His engine was not a practical success but its possibilities 
were realised by two Englishmen, Savery and Newcomen. They 


Sach devised steam engines for pumping water from mines. 

heir engines, however, were Very inefficient for muclr of the 
heat derived from the fuel was not converted into work. The 
Breat engineer James Watt (1736-1819) devised better ways of 


Making use of the heat and really made the steam engine a 
Practical proposition. 


Fig. 59 shows, in diagrammatic form, the essential parts of a 
Steam engine. The piston P moves in the cylinder between the 
dotted lines. Тһе motion of the piston from one dotted line to the 

the forward stroke, steam 


o i 2. 
ther is called a "stroke." During ) 
nlet А, enters the cylinder at В 


of the steam pushes the piston 

orwards, and, b i d D, connecting rod E and 
? , means of the piston ГОС 17, i 

bae F, the wheel is turned. purine this stroke the port K is kept 

sed by the slide-valve V. Towards the end of the stroke this valve 


= 5 
ins = 
EVOLUTION OF THE LOCOMOTIVE. 


Weight 15 tons 5 cwt. Length 23 ft.6in. Il. G.N.R. No.1. Weight 64 tons 19 cwt. Length 52 ft. 


h 57 ft. Lin. IV. LNER. Silver Link. Weight 165 tons 


Skin. II. GNR. Жо. 990. Weight 98 tons 18 cwt, Lengt 


Tont. Length А. 3X in. 


1.“ Locomotion.” 


| 
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is pushed over, by means of the eccentric disc G, to close port H and 
then to open port K. Steam is now admitted into the cylinder at C 
and its pressure drives the piston back towards B and continues the 
rotation of the wheel. It also drives the spent steam used in the 
forward stroke back through the port H into the exhaust X from 
which it escapes. 5 


By employing steam at high pressure, Trevithick and Stephen- 
son each devised locomotives to draw coal wagons. The latter 
Was the first builder of a passenger locomotive and when, in 
1829, he constructed The Rocket the future of steam railways 
Was assured. Ву 1850, 5,000 miles of British railways were in use. 

In all steam engines much of the heat energy is wasted (p. 109). 
In addition to wastage by mechanical imperfections, a large 
quantity of heat is rejected in the steam which escapes by the 
exhaust. In stationary engines some of this. rejected heat is 
used-again in the heating of the water before it enters the boiler. 


Steam turbines l 
_ Steam turbines, which are fitted extensively in large Ships and 
ìn electric power stations, also use steam as the “ working 
Substance” in the conver- деа заба 
Slon of heat energy into 
kinetic energy, but employ 
а different principle. Тһе 
Main shaft carries a number 
ОГ rings from the edges of 
Which projects a set of 
Curved blades. Between 
each pair of rings is another 
Set of blades, but curved in 
the opposite direction, fixed 
2%: € inside of the turbine 
asing (Fig, 60). When : 
Steam, $ т pressure Moving Blades 
Бр прев on the movable Fic. 60. 

a , Ne 
to Ее A. Жайы guide the steam 50 that it strikes 
the movable blades at a suitable angle. The compartments 
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containing the blades are successively larger to allow for the 
expansion of the steam as its pressure falls. 


Chemical energy 


We now resume our enquiry of the different forms of ener 
Although heat can be produced by mechanical means, ee 
utilised by a steam engine is obviously derived from the fuel. 
Does the fuel possess energy ? We decided that a wound-up 
clock-spring possesses energy, for, under suitable conditions, it 
can yield energy. We must similarly decide that fuel possesses 
energy. The energy in fuel is clearly potential, but as it 15 

~ released by the chemical action of burning, it is more convenient 
to distinguish it as chemical energy. 


Chemical energy can only be released by suitable chemical 
reactions. The usual react 


ion is oxidation. The burning of 
coal, oil and coal-gas are familiar examples. If a mixture of 
aluminium and iron oxide is once ignited, e.g. by a magnesium 
fuse, chemical action will take place and sufficient heat will be 
liberated to raise the temperature of the mixture to over 2,500° C. 


This mixture is called “ thermite > ; it forms the central part of 
гап incendiary bomb. 


We have learned that carbohydrates and fats are essential 
foods. They are * 


energy-giving" foods for, by their slow 
oxidation, animals obtain muscular (kinetic) energy and body 
heat. Plants require less energy, but we have already noted 
(Book I, p. 193) that seeds generate heat by respiring. 

Some chemical actions Produce a large quantity of hot gas 
very quickly. The gas, by its rapid expansion, can produce 
violent motion. Such Teactions are called explosions. The 
chemical energy is effectively converted into kinetic energy» 
though some is relea 


1 Sed as heat. The use of explosives in firing 
а gun is a good example, 


The controlled explosion of petrol vapour and air is utilised in the 
internal combustion engine (c.g. in motor-cars, aeroplanes and tanks): 
Ina motor-car engine there are usually four cylinders and four pistons 
operating on one crankshaft. Fig. 61 a shows, in diagrammatic 
form, one Cylinder C, piston P and accessories. A mixture of petrol 
spray and air is delivered by the carburettor (not shown) to the 
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Cylinder. The entry is controlled by a valve, operated by a rotating 
cam, and a similar valve controls the exit of the exhaust gases. The 
explosion is brought about by means of an electric spark between 
metallic points of a sparking plug (Fig. 61 b) The cycle in a 


normal “ four-stroke” engine is as follows: 151 stroke (shown in 


Fig. 61 a), piston moves downwards, petrol mixture enters cylinder ; 


2nd stroke, piston moves upwards and compresses mixture, which 


Sparking Plug 
Value (closed) 


Porcelain 


Spring —>Q rit TRE) 


y қ ty 
Crank ЕСЕН 


(a) 
Fic. 61. 


is fired just before top of stroke 5 3rd stroke, piston pushed down- 
Wards ; 4th stroke, piston moves upwards and expels exhaust gases. 

e pistons, cams and spark are arranged 50 that the power 
Stroke (3rd) occurs successively in different cylinders. 


Other forms of energy у , 
The electric motor is another machine which develops kinetic 
is the current which flows in 


energy, ТІ f this energy 
ne MU MM hil magnetic field (Book II, 


€ armature mounted in à р 1 | | 
P. 100). We therefore conclude that energy is associated with 
the flow of electric current and We $ eak of it as electrical energy. 
€ action of the dynamo shows that the conversion of electrical 


Energy into kinetic energy 15 reversible. | 
es energy, for, when a piece of 


m magnetic field also possesses | 
agnetic substance is placed in it, the substance experiences a 
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i е it move. Such energy is called magnetic 
ee udo EE see ahs light and sound are usually pro- 
iced “in addition to heat and kinetic energy. We must add 
these to our list. It is not easy to demonstrate that light can do 
work, but delicate experiments show that it exerts a. pressure. 
We appreciate the association of kinetic energy with sound a 
a thunder-clap makes our windows rattle, and the screech o. 
sharply applied brakes illustrates the reverse process. 


Transformation of energy 


You can now makea list of the different forms ofenergy. We 
have seen that all can be converted into kinetic energy and 
that, in some cases, the process is reversible. We now enquire 
whether other transformations are possible. All forms of energy 
are liable to turn into heat energy, e.g. electrical energy is trans- 
formed into heat energy in an electric radiator, but, with suitable 
control, other transformations may be effected. 


(1) The photo-electric cell, which forms the essential part of 
an electrical photographic expos 


ure-meter, transforms light into 
electrical energy, 

(2) А loudspeaker effectively transforms electrical energy into 
Sound. 


(3) Light is transformed into chemical energy when a photo- 
graphic plate is exposed, 


(4) The transformation 
of heat into electrical 
energy is shown in the 
following experiment. 

Expt. A.—Join a piece 
of bare Eureka wire (30 
ст.) at each end to lengths 
of bare copper wire by 
tightly twisting together 
the ends. Support the 
Eureka wire in a wooden 
clamp and join the free 
-ammeter or milli-voltmeter 
ns with a Bunsen flame and 
of the instrument, 


Fic. 62, 


ends of the copper wires to a milli 
(Fig. 62). Heat one of the junctio: 
Observe the deflection of the needle 


9 
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This list is by no means exhaustive. It is instructive to think 
out other transformations. 

One form of energy may be transformed into more than one 
Other form. Thus, in the percussion of a pneumatic drill on 
rocky ground, kinetic energy is transformed into heat, light and 


Sound energy. 


Electric cells 
_ Although chemical energy is usually 
is possible under suitable conditions to tr 
energy, This direct transformation is t 
Of electric (or voltaic) cells. 

Expt. B.—To investigate the conditions for the transformation 
of chemical energy into electrical energy. 

(a) Two zinc plates are stood apart in a jar of dilute sulphuric 
acid. Wires attached to the top of each plate are connected to 
the terminals of a voltmeter. Hydrogen is evolved at the surfaces 


of the plates but no voltage'is registered. - 
) Two copper plates are substituted for the zinc plates and 


the circuit again completed through the voltmeter. There is 


Neither voltage nor chemical action. 

__ (c) One zinc plate and one copper plate are now used, and the 
Circuit completed as before. Bubbles of hydrogen are evolved, 
as expected, at the surface of the zinc, but are also seen adhering 
to the copper plate. The voltmeter registers about 1 volt. 


In (а) the energy released b the chemical action of dilute 
зрно), acid paco арена heat. For the energy to be 
Teleased in the electrical form We require, as shown in (c), two 
Unlike plates joined externally to complete. the circuit. The 
arrangement of a zinc and a copper plate in dilute sulphuric acid 


forms a simple cell. 
Expt. C. —To study the defects of a simple voltaic cell. 
d in series with a small rheostat 


(а) The si is connecte 
ample qd ates a current. The circuit is 


and an a indic 

mmeter, The latter In | 
broken and, as is expected, the current ceases, but hydrogen is 
ў The zinc continues to dissolve, 


5101 evolved те pl 
at the zinc plate. Hae 
Ја às no electrical energy 15 produced, the metal is being wasted. 


transformed into heat, it 
ansform it into electrical 
he basis of the working 
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This waste is avoided by “amalgamating” the zinc plate, 
ie. rubbing it with mercury. This renders the zinc ineffective 
except when the circuit is closed and also improves the working 
of the cell. 

(b) The cell is reconstructed with an amalgamated zinc plate 
and the circuit remade. The current is allowed to flow for some 
minutes and the ammeter reading observed. The current falls, 
indicating that the cell is losing its effectiveness. This: defect, 
called polarisation, is due to the accumulation of hydrogen on 
the copper plate. 

(c) A solution of potassium dichromate or potassium per- 
manganate is added to the polarised cell, The cell recovers its 
activity and, providing its ingredients are not used up, maintains 
its activity. This process removes the hydrogen by chemical 
means. Other Chemical means of preventing or reducing 
polarisation are found in the two following common cells. 


The Daniell cell (Fig. 63) em 


loys c i to 
prevent polarisation, The solutior ата DE here 


on is separated from the acid by а 


Seal 


Carbon rod 


Carbon and 


se dioxide 
Dil. sulphuric acid зары 


Copper sulphate 
Solution 


Copper plate 


Ammonium chloride 
paste 


Zine casa 


Fic. 64. 


pon the release of energy when zinc 
(sal-ammoniac) solution. The action 


€an be represented 


as follows : 
Zn + 2NH.CI ~ ZnCl, + 2NH, + Hi. 
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Пе hydrogen, which collects around the positive electrode, tends to 
ause polarisation. This electrode is a carbon rod, mounted in a 
Dem pot, and packed around with carbon and manganese dioxide. 
ui е latter substance removes the hydrogen, but, as its action is slow, 

е cell cannot produce a large current for an extended time. 

For high-tension batteries and torch batteries, “ dry " Leclanché 
cells are used. The ammonium chloride solution is absorbed in saw- 
сзи or plaster of Paris and the porous pot replaced by a thin card- 

oard case. The outer zinc case forms the negative electrode 


(Fig. 64). 


The lead accumulator 
la pet . D.—To demonstrate the mode of action of a lead accumu- 
or. ^ 


Я Two lead plates are supported 
dh 1:2) and the voltameter 
Огт part of two circuits. 
àmmeter and 30-volts D.C. mains, and circuit Y a voltmeter. 
ither circuit can be closed by means of the double-throw key K. 
First circuit У is closed. The voltmeter registers zero. Circuit 
is then closed and a current of about 2 amps. allowed to flow 
Ero bout 10 minutes. Gas is 
Er at the cathode and the 
* acquires à brownish 


in a jar of dilute sulphuric acid 
connected, as shown in Fig. 65, 
Circuit X includes a rheostat, 


оеш. Тһе Кеу іѕ then moved Y 

a close circuit Y and the volt- 
eter indicates about 2 volts. K 
the voltmeter is replaced by X 


for electric bell. the latter rings 
eM minutes. p 
rst no voltage is registere 
ci both plates eE When 
acti it X is closed, the chemical . ос. Mains 
anode of the current causes the 
bro е to become coated with X^ 
pIQWn lead peroxide (PbO») but tha, 
ates are now unlike, and, by the disso 
© acid, we have the conditions for а се 
fa current, however, further chemica 


Fi. 65. 


hode is unchanged. The 
Iving of the lead plate in 
. When this cell pro- 
]changes occur. The 


ш his leisure hours.) Fig. 66 shows diagrammatically the 
apparatus he used for many of his experiments. A measurable 
quantity of work was done by lead weights W, and Ws which, 
by their slow descent on cords, turned the discs D and hence the 
paddles P in a calorimeter C. The paddles, churning the water 
in the calorimeter, converted the work into neat. The quantity 
of heat produced was determined from a knowledge of the 


thermal capacity of the water and the calorimeter and the 
temperature rise, 


As a result of all his ex 
and accuracy, 
of heat require: 


periments, remarkable for their variety 
Joule concluded that the production of 1 B.Th.U- 
5 the expenditure of a DEFINITE quantity of work. 


Useful work done by ens" — f el used in that time 
Mechanical equivalent of heat value У 


5 for a simple 
Compare this definition of efficiency NM $ 
Machine (p. 94). Ib. of coal (of calorific 


5 іпе, 3 - 
xample, “Та a certain steam engine, ae hour for each horse 


Value 10,000 B.Th.U. per Ib.) аге used pe his engine? 


Power developed. What is the efficiency of t 
~. Heat supplied per hour (рег НР.) 

—10,000 х 35 = 

"- Mechanical equivalent of heat supp 

—35,000 x 778 ft.-Ib. 


35,000 B.Th.U. 
ly per hour 
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‘plates gradually become coated with the same chemical (lead 
sulphate) and eventually the cell’s activity ceases. M. 
In the lead accumulator the plates are specially m i 
that the formation of lead peroxide is very efficient. While th 
accumulator is charging, i.e. a current is passed through from A 
external source, electrical „energy is being transformed into 
chemical energy. When it is discharging, i.e. producing its own 
current, the reverse transformation takes place. The accumu- 
lator, however, is never allowed to become completely discharged. 
The steady voltage (2 volts) and very small internal resistance 
make this accumulator a convenient and efficient low voltage 


source, but its weight and the corrosive nature of the acid are 
disadvantages. 


Can we profit by energy transformations? 
Is there ап 


into another? We can 


quantity of one form always gives 
by a complete transformation а definite quantity of another 
form. 


Dr. J. P. Joule began, in 1840. 
“ the rate of excha 
heat. 


T many of his experiments, A measurable 
quantity of work was done b 

by their slow desce: » turned the discs D and hence the 
paddles P in a calorimeter С, The paddles, churning the water 


As a result of all his experiments, remarkable for their variety 
and accuracy, Joule concluded that the production of 1 B.Th.U- 
of heat requires the expenditure of a DEFINITE quantity of work: 
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Fic. 66. 
e of exchange," since measured 


The accepted value for the “ rat 
У many scientists, is 
778 ft.-Ib. are equivalent to 1 B.Th.U. 


Thi s m Em 
i figure (or its corresponding value in metric units) is called 
mechanical equivalent of heat. % ? 


Ti : 
he efficiency of heat engines 


Wok deine the efficiency of an engin 


m Useful work done by engine in a given time 
o €chanical equivalent of heat value of fuel used in that time 
iode this definition of efficiency with that for a simple 
POUR (p. 94). | i 
Xample.—In a certain steam engine, 34 Ib. of coal (of calorific 
hour for eash horse- 


Valu; 
000 B.Th.U. per Ib.) аге used per hou [ 
ver developed. What is the efficiency of this engine? 


7 Heat supplied per hour (per Н.Р.) 
=10,000 x31—35,000 B.Th.U. 


7 Mechanical equivalent of heat supply per hour 
—35,000 x 778 ft.-Ib. 


e which converts heat into 
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But 1 H.P. is 33,000 ft.-Ib. per minute. 

2. Useful work done per hour —33,000 x 60 ft.-Ib. 
33,000 х 60 
35,000 x 778 
This example shows that the efficiency of a steam engine is very 
low (usually 5-10 per cent). The engine is thus very wasteful. 


The efficiency of an internal combustion engine is rather greater, 
and that of a Diesel oil engine approaches 40 per cent. 


2. Efficiency= --0-07 or 7 per cent. 


Тће rate at which electricity can do work 


To drive a quantity of electricity through a circuit, a voltage 
(or pressure difference) is required. This voltage does work in 
driving the electricity against the resistance of the circuit. The 


work is derived, of course, from the energy of the source. 


The quantity of electricity which passes round a circuit is 
measured in coulombs and 


1 coulomb has passed when 1 ampere 
has flowed for 1 second. Thus 
Coulombs=amperes seconds. 


A certain quantity of work will be done to drive every coulomb 
of electricity from one point to another in a circuit. When the 
two points are such that the voltage between them is 1 volt, the 
work done, for each coulomb, is called 1 joule. Then 


Work done in joules—coulombs passed x voltage 


—amperes x seconds x voltage. 

Thus if a pressure of 200 Volts drives a current of 0:3 amps: 
through a lamp for 30 seconds, work done—200 х0-3 x30 
—1,800 joules, 3 


Note.—Since the ampere and the volt are metric units, a joule 


9 know the rate at which work is done, i.e. the 
power (p. 96). It follows from the last equation that the work 
done per second is given by amperes Xvoltage. Thus 
Joules of work done per second —amperes x volts. 

A rate of 1 joule per sec, is usually called 1 watt. Thus the 
lamp taking 0-3 amps, at a pressure of 200 volts consumes 
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200 х0-3--60 joules of energy per second, ог consumes af the 


rate of 60 watts. 
Note.—The watt is a metric unit of power. 746 watts=1 Н.Р. 


=550 ft.-Ib. per sec. 


Heat produced by a current 


NS work which is done when the current flows is converted 
Ж eat (and sometimes light). „Тһе “ rate of exchange ” is, of 
~ rse, that previously discussed, in fact Joule and other scientists 

ave checked the value by the heating effect of a current, but it 


must be expressed in metric units. It is 
4-18 joules are equivalent to 1 calorie. 


This value can be tested with an apparatus similar to Fig. 16, 
M A voltmeter must be attached across the terminals of the 
JS ing coil and pure (not tap) Water 15 usedintheflask. By measuring 
(in voltage, the current and the time for which it flows, the work done 
P ene) is calculated. From the knowledge of the temperature rise 
(i the thermal capacities of the water and the flask, the heat produced 
n calories) is determined. Then the number of joules which produce 
calorie can be found by division. 


* rate of exchange” is merely 


e that this ' 
ie. 778 ft.-lb. per 


It is important to realis 
that learned before, 


the metri 
etric equivalent 0) 
B.Th.U, 7 f 


, Watts, « units," and electricity bills 


Every householder who buys an electric iron, radiator, cooker, 


cte., is interested to know what it will cost to use. The energy, 
can be calculated by multiplying 


1 
n joules, taken by the appliance d. 
© watts by the number of seconds for which it is used, but this 
mber. It is more con- 


Product gives a large and unwieldy nu r 
enient to take as our uni f 1,000 watts (i.e. 1 kilo- 


Watt) and à time of 1 hour. The energy taken at the rate of 

ilowatt for 1 hour is called 1 kilowatt-hour or 1 Board of Trade 

LE We are charged according to the number of such “ units ” 
en, 
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But 1 H.P. is 33,000 ft.-Ib. per minute. 

2. Useful work done per hour —33,000 x 60 ft.-Ib. 

33,000 x 60 

35,000 x 778 j 
i mple shows that the efficiency of a steam engine is very 

uen 5-10 per cent). The engine is thus very wasteful. 


The efficiency of an internal combustion engine is rather greater, 
and that of a Diesel oil engine approaches 40 per cent. 


<. Efficiency— =0:07 or 7 per cent. 


The rate at which electricity can do work 


To drive a quantity of electricity through a circuit, a voltage 
(or pressure difference) is required. This voltage does work in 
driving the electricity against the resistance of the circuit. The 
work is derived, of course, from the energy of the source. NL. 

The quantity of electricity which passes round a circuit 15 


measured in coulombs and 1 coulomb has passed when 1 ampere 
has flowed for 1 second. Thus 


Coulombs—amperes X seconds. 
A certain quantity of work will b 
of electricity from one point to a 
two points are such t 
work done, for each 


€ done to drive every coulomb 
nother in a circuit. When the 
hat the voltage between them is 1 volt, the 
coulomb, is called 1 јоше. Then 


Work done in joules—coulombs passed x voltage 


—amperes x seconds x voltage. 
Thus if a pressure of 200 volts drives a current of 0-3 amps. 


through a lamp for 30 Seconds, work done—200 x0:3 x30 
—1,800 joules, ; 


. Note.—Since the ampere and the volt are metric units, a joule 
15 тегіс unit of work. It is approximately 3 ft.-Ib. 4 
It is important to know the rate at which work is done, i.e. the 
power (р. 96). It follows from the last equation that the work 
done per second is given by amperes Xvoltage. Thus 


joules of work done per Second —amperes x volts. 


A rate of 1 joule per sec, is usually called 1 watt. Thus the 
lamp taking 0-3 amps. at a pressure of 200 volts consumes 
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200 х0-3--60 joules of energy рег second, or consumes af те 
rate of 60 watts. 

Note.—The watt is a metric unit of power. 746 watts=1 H.P. 
75550 fi.-Ib. per sec. 


Heat produced by a current 


. The work which is done when the current flows is converted 
into heat (and sometimes light). The * rate of exchange " is, of 
Course, that previously discussed, in fact Joule and other scientists 
have checked the value by the heating effect of a current, but it 


must be expressed in metric units. It is 
4-18 joules are equivalent to 1 calorie. 


This value can be tested with an apparatus similar to Fig. 16, 
across the terminals of the 


р. 30. А voltmeter must be attached ас [ 

, heating coil and pure (not tap) water isusedintheflask. By measuring 

the voltage, the current and the time for which it flows, the work done 

(in joules) is calculated. From the knowledge of the temperature rise 

and the thermal capacities of the water and the flask, the heat produced 

(in calories) is determined. Then the number of joules which produce 
calorie can be found by division: 


this * rate of exchange " із merely 


1t is important to realise that 
ані у arned before, і.е. 778 ft-lb. per 


the metric 5 l 
equivalent of that te 
B.Th. U. 7 of 


_ Watts, « units,” and electricity bills 
Every h who buys an electric iron, radiator, cooker, 
ete., is аст phos it it will cost to use. The energy, 
in joules, taken by the appliance can be calculated by multiplying 
the watts by the number of seconds for which it 15 used, but this 
Product gives a large and unwieldy number. It is more con- 
Venient to take as our units а power of 1,000 watts (i.e. 1 kilo- 
Watt) and а time of 1 hour. The energy taken at the rate of 
kilowatt for 1 hour is called 1 kilowatt-hour or 1 Board of Trade 
ig We are charged according to the number of such “ units 
en, 
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Example (1).—For how long can a 60-watt lamp be used to 
take 1 B. of T. Unit? 
1,000-watt appliance can be used for 1 ur 
2. 60-watt appliance can be used for um —16$ hours. 
Example (2).—A 2-kilowatt electric radiator is used for 5 hours. 
What is the cost at 1d. per * unit"? How much heat will it 
give per minute ? 
` Energy taken —2 x 5—10 kilowatt-hours—10 “ units." 
2. Cost at 1d. per “ unit "—10g. 
Rate of working—2;000 watts=2,000 joules per sec. 


2. Rate of production of heat 25 calories per sec. 


2. Calories produced рег minute = 460. 2g лор, 
No profit, no loss 


The investigation begun by Joule, and subsequently extended 
by other scientists, show that all energy transformations аге 
subject to fixed “ rates of exchange.” There can therefore be 
no gain or loss of energy as the result of transformations. This 


fact is called the Principle of Conservation of Energy. It can be 
stated thus : 


Energy cannot be created or destroyed but only 
changed from one form into another. It is clear now why the 
efficiency of a machine cannot exceed 100 per cent. and why, 10 
calorimeter experiments, heat gained —heat lost. 

We may compare this important physical principle with an 

equally important chemical principle. The nitrogen and carbon 

cycles (pp. 68, 25) illustrate that matter (i.e. substance) cannot 

be created or destroyed, but only changed from one form into 

MEE This fact is called the Principle of Conservation of 
er. 


The sun, green plants and ourselves 

Although energy cannot be destroyed, it can be wasted and 
rendered useless, Thus, of the energy supplied to a dynamo; 
Some 1s converted into heat by friction at all moving parts an 
So becomes of no value. The electrical energy produced will 


PNEU — IL c 
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ultimately become heat in the wires and appliances through 
which the current flows. All energy ultimately turns into heat. 
Even if a steam engine could be made to work with such scattered 
heat it would not succeed in converting all of it back into useful 
Work, and so our terrestrial supply of energy is gradually 
becoming of по value. Can we get a new supply ? 

From what source does our muscular (kinetic) energy come ? 
The carbohydrates which supply us with energy are made by 
green plants (carbon-assimilation, p. 24. In this process sun- 
light is absorbed. The carbohydrates derive their energy from 
the sun's radiation. The SUN, therefore, supplies our energy 
and green plants trap it for us. We depend upon the mighty 
Sun and the humble green plants for our very existence. 

For many of our comforts and activities we utilise the chemical 
energy in coal, Coal seams are the compressed remains of 
ancient vegetation and the carbon which they contain is derived 
from the carbohydrates made when the plants were living. Thus, 
again, the energy originally came from the sun. 

“Тһе winds (possessing Kinetic energy) blow because of pressure 

ifferences in the atmosphere. These pressure differences are 
Caused by unequal heating by the sun. The energy of running 
Water, utilised in hydro-electric turbines (p. 161), is again derived 
Tom the sun, for the sun’s heat evaporates Water from the earth's 
Surface and ultimately rain falls, partly on the high ground. 

We learn, therefore, that in various Ways, new supplies of 
energy are obtained from the sun You will probably ask : 

Tom where does the sun get its energy? That is one of the 
Problems of science which has not been adequately solved. 
is the only 


y to the moon’s influence, 


1 
The ener, i hi 
j ей, 
Practica] EpL im tides, due ¢ 


CHAPTER 10 


WAVES AND WAVE MOTION 
А new type of motion 


We all know that when a sto 
water ripples spread outwards fr 
these ripples become more fe 
Similarly, if a long heavy rub 
vertically and its lower, free с 
a ripple travels up the cord to 
to the free end. In each of 
type of movement, viz., a mot 
a substance, without the subs 
Place to another. This is cle 


ne is thrown into a pond of still 
om the point of contact, and that 
eble as their diameters increase. 
ber cord 1 be suspended to hang 
nd be given a sharp jerk sideways, 
the fixed end and is reflected back 
these instances we observe a new 
ion continued from part to part of 
tance moving as a whole from one 
arly seen in the rubber cord which 
ves upwards, nor fall as it is reflected 


І © to the sides, the cork floats rise and fall 
а5 the ripple passes each one; no float moves with the ripple 
We note, therefore, that whilst the water at 


up and down, а disturbance passes across this 
у actual flow of water. 


1121015 feet of Pressure tubing make an effective substitute. 
114 35 


react 
Sceived (різ energy. 
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Physical Laboratory. 


1Ву kind permission of H.M.S.O, and the National 
Fic. 67.—RIPPLE TANK. 


Transyerse waye motion 
Ese source which starts the ripple is moving ; it therefore 
S esses kinetic energy and some of this energy 15 given to the 
кше in contact with it. But the whole of the substance 
we not respond at once, as would а cricket-ball struck by a 
aha instead, energy is accepted only in the region of contact 
pit only gradually is this energy passed on to neighbouring 
the S of the substance. This transference of kinetic energy across 
iS жаппаса of the water causes successive parts of it to move ; 
urn, each part copies the motion of the water from which it 
Solo ces In the first instance, the action of the 
the Ce is to cause а down-and-up movement of the water (for 
ax Water cannot remain depressed). But the water returning 
po e its depressed position arrives at its original position in 
Session of kinetic energy and continues to move upwards, 
a point above its undisturbed 
n oscillation, but this quickly 


ositi З 
Position, The water is thus set 1 ] 
f energy and to resistance 


i. 


USE 


18y kind permission of Н.М.8,0» Mest the National Physical Laboratory. 


Fic. 67.—RIPPLE TANK. 

Ero wave motion : 
Nou which starts the ripple is moving ; it therefore 
Substan 5 kinetic energy. and some of this energy is given to the 
does n се in contact with it. But the whole of the substance 
ае: ў E respond at once, as would a cricket-ball struck by a 
an. rue energy is accepted only in the region of contact 
parts "i gradually is this energy passed on to neighbouring 
of the substance. This transference of kinetic energy actoss 


the 
in ee of the water causes successive parts of it to move ; 
n, each part copies the m he water from which it 


тесеіу Л otion of t 
сарқа ‘this energy. In the first instance, the action of the 
e is to cause a down- nt of the water (for 


e ) and-up moveme 
Dor rM cannot remain depressed). But the water returning 
nu depressed position arrives at its original position in 
comin ion of kinetic energy and continues to move upwards, 

momentarily to rest at a point above its undisturbed 


Positi i illati 
eae: The water is thus set in oscillation, but this quickly 
away owing to the trans 


5 


fer of energy and to resistance 
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within the liquid. This oscillation then is the motion А 
copied in time successively by each part of the liquid whic 
receives energy. This effect gives the surface of the water ШІ 
any particular time a characteristic shape Which we call a wave ; 
the movement of this shape (or wave) caused by the transfer of 
` kinetic energy is called wave motion (Fig. 68). 


Waves Move ——————» 


Water — 


Fic. 68. 


If the source is kept continuousl 


wave to the sides of the tank and this procession of waves is 
called a wave train. 


In these examples, the actual movement of 
any portion of the water or cord taking part in the transfer of 
energy is at ri 


ght angles to the direction of motion of the waves- 
Such waves are called transve 


rse waves, and their movement, 
transverse wave motion. 


y in operation, wave follows 


, 


Terms and definitions 
„ In Fig. 69, the straight line WL Shows the undisturbed water 
line of the section taken. When the wave train is advancing, 


[e] 
Р Q R 
w X L 
^ B 
T 
Fic. 69. 


any particle of the wave form situated at any instant on this line 
is said to be in its mean Position. Nearly all the particles in the 


wave form are either above or below this line and they are 
moving towards or fr 


! Om it as the waves advance. The distance 
at any time of any 


„time particular particle from its mean position is 
called its displacement, 


: > е.в. AP is the displacement of the particle 
P which was originally at A, t 
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During one complete oscillation of any particle, this displace- 
ment, which is constantly varying, reaches a maximum once on 
each side of the mean position, e.g. the particles C and T whose 
mean positions are respectively B апа Х. This maximum dis- 
placement is called the amplitude. The elevated and depressed 
Portions of the wave form are usually referred to as crests and 
troughs. 2 

In each successive wave of a train of waves there are particular 
particles, eg. P, О and R, whose displacements, speeds and 
directions of motion are precisely the same. The motions of 
Such particles are said to be in the same phase. The straight 
distance between two consecutive particles in the same phase is 


the wave-length. X 
he motion of its oscillation in the same 


, Each particle repeats t с E ; 
time, known as the periodic time. Since successive particles copy 


this motion, the number of oscillations completed in 1 second 
by every particle of the wave train is the same. This number is 
the frequency. \ 

As the wave form advances there is no bunching together ot 
Separation of individual waves. Thus the disturbance travels 
With uniform speed, called the speed or velocity of propagation. 

A=wave-length, N=the frequency and V=the velocity of the 
Waves, in a distance V, traversed by the waves In 1 second, there 
Will be N waves because each particle has completed N oscillations 
in 1 second, and each wave will be of length А. 

Hence V—NA 


Transverse wave motion in practice , 
verse Wave motion studied earlier were 


The 
ораг нас al features, but, in everyday 


спозеп. to its essenti i 
Ше, other саа motions are of greater importance. 
* motion of the strings ofa pianoforte, a eed ora in isa 
Tansverse wave motion. We do not see the familiar s shape, 
*cause both ends of the string are rigidly fixed and the yan 
аге being constantly reflected from each end and superimpose! 
9n each other, is difficult to picture 
Vireless waves are also transverse. It is di m By ine 
their transmission for, unlike the other waves Wil 
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studied, no material substance is needed to carry them. (They 
may travel through air, but they do not use it in their transmission.) 
Using simple apparatus, we concluded that light and radiant heat 
travel in straight lines, yet there is evidence of an advanced 
character which points to the transmission of these forms of 
energy as transverse waves of very short length. X-rays, 100, 
are really transverse waves. ' 

These waves, which do not require a material substance to 
carry them, are electrical in nature and are collectively called 
electro-magnetic waves. All travel with the same velocity, 
which must be that of light, viz., 3 1010 cm. per sec. or 300,000 
kilometres per sec., and are distinguished from each other in 
wave-length and frequency and by the characteristic effects 


which they produce. The wave-lengths of X-rays are extremely. 
Short, those used in Radiology ranging from 0-0000000006 cm. 
to 0:000000005 cm. 


Light waves vary in length according to the 
colour they produce, ranging approximately from 0:00004 cm. 
to 000008 cm. as we cross the Spectrum from its violet to its 
Ted end. Waves slightly shorter than those of violet light are 
detected by photographic and chemical action ; they are known 
as ultra-violet waves, The shortest wave-lengths of radiant heat 
he red end of the specirum ; beyond this 
ed as infra-red and increase in length to 
emperature of the radiating source decreases. 
much longer and spread over a great range 
Од wave-length. To-day, for public transmissions, there are 
three “bands” (or ranges) ; short, medium and long waves, 
the gaps being reserved for Special services. Frequencies in 
kilocycles and wave-lengths in metres are printed in most wire- 
less handbooks. One example here will show how the informa- 
tion has been reduced for convenience to these forms of state- 
ment. Daventry broadcasts on a wave-length of 1,500 metres 
with a frequency of 200 kilocycles. 


The velocity of transmission is 3 x 1010 cm. per sec. 


which is equal to 3 x 108 metres per sec. 
From V=NA, for a wave-length of 1,500 metres 
we have 3X108=N 1,500 


ie. N=200,000 cycles or 200 kilocycles. 
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s'of 1,500 metres and 200 kilocycles are 


Cléarly, statement k 
han the corresponding figures 


more convenient for everyday use t 
of 150,000 cm. and 200,000 cycles. 


Sound and sounding sources 


When a stimulus, called a sound, is applied to the ear, nerve 
“Messages communicate its arrival to the brain and we experience 
the sensation of hearing. The source of this stimulus may 


always be traced to the vibration of some body, although such 
Vibrations are often too feeble to be seen and always too rapid 
to be counted by the human eye. That the ultimate sounding 
Source is in a state of vibration is shown by the following 


experiments. 


Fic. 70. 

of a tuning fork is fitted with a 
» and held so that the free 
rface of some clean mercury 
ves across this surface 
f the prong of the fork. 


Expt. B.—One of the prongs 
Wire style. The fork is " sounded 
end of the style just touches the su 
ІШ а bow] (Fig. 70). The train of ма 
Clearly reveals the continuous vibration 0! 


The sounding source need not be a solid. 
Expr. С— ipe is connected to a wind chest and 
blown наду "While the pipe is sounding, a light tray of stiff 
Paper carrying a few grains of fine, dry sand is lowered into 
Position over the mouth of the pipe (Fig 71). The bounding 
action of the sand indicates that the paper 15 In vibration ; that 
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ibrati i h and not to any 
is is due to the vibration of the air beneat 1 ў 4 
flow of aif through the pipe is shown by detaching the pipe an 


allowing air from the wind chest to play on the 
under side of the tray. 


From sounding source to the ear 


Quotation from Book II, p. 225, epi 

trip to the moon: * No sound would be eni 
a and unless we could provide some sort of t 

atmosphere it would be quite useless to ta 
each other.” р 

Evidently the atmosphere plays an rdi 
part in transmitting a sound from its source din 
listener. This is shown by enclosing a soun Vd 
Source, e.g. an electric bell, in a bell-jar moun k 
on the receiver of and exhausted by a Gery 


pump. 
Expt. D.—The bell is suspended ioma pn 
0 under side of the rubber Stopper of the bell-j 


and two fine, coiled cop ha 
the stopper connect the terminals throug 
Switch to a 


Fic. 71. 


е can see 


hear the ring or only hear it very faintly- 
Leaving the switch closed, th 


е only change has been the иаша 
the air, so we may fairly conclude that it was necessary in t 

experiment for the t ie 
would be obtained if any other gas we 


' The use of an 


= ђе 
efficient pump is all important; the pressure should 
reduced to the order of 1 to 2 mm. of mercury. 
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allowed to 
enter the bell-j Au" ME se: 
а5 agents еП-јаг. Solids and liqu d: 
heard a xu transmission. The іш ae TU 
Er de aly Af the aichi D O Toe 
ne subs e watch and the bon i 
о punt са through which the sound ed pad 
everybody in th Sie en of a long bench is usually inaudible 
o а listener who pl aboratory ; yet it may be heard distinctl 
Abe bench. TER pur his ear 2 contact with the remote ed 
evi osion of а depth- 
Vidence that sound travels in we UE affords clearly 
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g source to the ear, 
ога gas; it will 


Th 

Us, i H 

it may if sound is to travel from 
sound requires à 


ауы : a soundin, 
ravel oo through a solid, а liquid 
rough empty space. Briefly then, 


Tia] Б 
те ; "esi 
dium for its transmission. 


Dot | 
Mate 


Ho 
үү 
^ (1) [Up is transmitted 
0 
zy Same pe is transmi! 
agi а ав As the most widel 
presse ne our attention to its behaviour. 
5 against the air near it, there is sli 


нед through all media by 


y used medium is the air, 
i As the vibrating ' 


ght compression 
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is slight expansion (or 
is air; as the source recedes there is slig р 
СЕ RAE of this same air, for the to-and-fro quie s 
i follow so quickly that there is not time for : i 
d out of the way. One end A of a long, eo 
Ы spring (Fig. 73) may be similarly compressed or stretc 
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pushed forward sudden 


compressed (Б). But the Spring cannot remain permanently in 
this condition and the 


Tecovery of A, B, C causes the neigh- 
* bouring turns to be com 
compression of a few tu 


NATURE OF SOUND TRANSMISSION 123 


Or if A be suddenly pulled back the turns A, B, C are slightly 
separated and this state of separation passes, in time, along the 
spring (Fig. 75). In both instances, the spring as a complete 
body does not perceptibly alter its position; the energy given 
to the end turn A is passed on to successive turns, causing each 
to copy the motion of the turn from which it received this energy. 
But during this transfer of energy, the parts of the substance 
move in directions which are parallel to the direction of transfer. 
This constitutes a second type of wave motion ; because of the 
Similarity of direction of motion of the matter and the wave, it 


is called longitudinal wave motion. 


=) | 


3 in air.—When а sounding source vibrates, 
(3) Sound waves іп air the air in front of it is 


e.g. the di f a loud speaker, 
alternativ el coh prentd and rarefied: just as the end turns of 


UE d separated by pushing and pulling 
Spring were compressed аа Б йол and separations of the 


that end У 
5 reas the Сі ; 
turns нанын m the line of the spring, the compressions 
and МА Бик of the air travel outwards from the source Іп 
directi ay picture these compressions and rare- 
j ions. We may ing as they travel out from 


actions as spherical shells expand 


“ 
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the source. But the air, as a whole, does not flow with the com- 
pressions and rarefactions. With the vibrator continuously in 
action (Fig. 76), compressions C and rarefactions R of a longi- 
tudinal wave train pass through the air at equal intervals, just 
as crests and troughs of a transverse wave train advance over the 
surface of water. 

Both types of wave motion involve a transfer of energy by 
means of vibrating particles. The essential difference between 
the two types lies in the direction of motion of the particles when 
compared with the direction of motion of the waves. Except 
that we substitute compression for crest and rarefaction for 
trough, the terms and definitions learned for transverse wave 
apply to longitudinal waves. 


A visible train of longitudinal waves is never obtained in 


practice but the continuous operation is well illustrated by means 
of Crova's disc. 


Crova's disc.—The disc should be of cardboard or thin sheet metal. 
On it a nümber of circles increasing in radii by small steps is drawn 
with centres 1, 2, 3, 4, etc. equally spaced around a small circle 
(Fig. 77). Suitable dimensions are: small circle, 2 in. radius ; 
circles with stepped radii, 1 in., 14 in., 14 in., etc. ; diameter of card, 
10 in. to 12 in. The disc, with a small hole bored concentrically with 
the small circle, is mounted on a turn-table. Independently, over it 
another sheet of cardboard with à rectangular slot cut in it is placed 
80 that the arcs A, B, С, etc.; of the circles are seen. This disc is 
rotated slowly so that the movement of each part A, B, etc., may 
followed, and th 


d en more rapidly to show the compressions ап 
rarefactions travelling along the slot. 


The velocity of sound in air 


Although sound travels rapidly in air, practically instantane- 
ously in an ordinary sized room, its velocity is much less than 
that of light. Тһе thunder-clap follows the flash of lightning at 
an interval depending on the distance of the storm, the marching 
of a long column of Soldiers, keeping step to the music of the 
band which leads them, is distressingly irregular and the issue of 
“steam” from the Sounding of a distant locomotive ceases 
before the sound which we hear. 


Over distances of a few miles a direct determination of the 
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velocity has been made by watching for the flash of a gun, fired 
at a pre-arranged moment, and waiting to time the arrival of the 
Sound of the explosion. To obtain an accurate value by this 
Method is a matter of difficulty, for winds and fluctuating 


Fic. 77 


i in the 
шапрега шге affect the value which would be АСУ i ie 
a a Conditions of still air at à UP orm tempaa ; S edd 

а temperature of 0°C. 500 thE сене D 

Metres (or 1,092 ft.) рег Sec- and ros esses) by 

к temperature the velocity 106 
M. per sec, (or 2 ft. рег 520) 


m reases (OF 
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Echoes 


When sound waves from a source A reach a rigid wall or cliff 
MR (Fig. 78), they are réflected, and a listener at E would 
receive two sets of waves—one set directly from A and the other 
from an apparent source A' (the sound image of A) behind the 


t 
A А 
TES - R 
E A A 
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reflecting Surface. If a sharply Sounding source, such as the 
crack of a whip or a sudden shout, is used to obtain a very short 
wave train, and the source is 100 ft. or more from the wall, the 
listener at E, near the source, will receive the reflected waves as 


e 
E 
8 

{| el Trai 


ГГЕГЕ 


jl. 
| 
i 
| 


Fig. 79. 
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а separate set after the arrival of the waves transmitted directly 
In these circumstances, two separate and similar sounds are 
heard ; the second of these is the echo of the first." 

Some echoes are produced for amusement, and others, of the 
Nuisance type, occur in large public halls and long corridors. 
But one important use of echoes has been developed in recent 
Years and, now, many large ships are equipped with a special 
form of recording apparatus from which sound waves are sent 
to the sea bed and after reflection are received as echoes. Sounds 
аге dispatched every 2 seconds and the receipt of the echoes is 


Plotted automatically on a revolving chart. Thus as the ship 
sea bed beneath it and the old- 


Proceeds, it plots a contour of the 

fashioned * heaving of the lead " is unnecessary. Fig. 79 shows 
а section of а plot actually obtained in the Mediterranean ; 
intervals between the curved lines are minutes and the depths 


are stated in fathoms. 


Pitch and frequency 


“Ош: sense of hearing enables 
igh or low. This description 
Our ears do not tell us on what 


us to describe a musical note as 
of the note is called its pitch, but 
this pitch depends. 


Expt, Бш thin blade of steel (the blade of a hack-saw 
will aie 5 d at one end in a vice. The free end is 
displaced and released. The blade vibrates slowly enough for 
its movements to be seen and по sound is heard. The length of 
exposed blade is gradually shortened and the vibrations clearly 
Increase іп rapidity ; also, at first а low humming note 15 heard 
and this gradually "ises higher and higher as the successively 
shortened blade vibrates more rapidly. The pitch of the note 
Clearly а, its frequency- 

Sin. cpad upon Е тч EE which affect the human ear 
Covers a wide E e (Book II, P- 153), a description of pitch as 
igh or low is heey sufficient, and it is im to eompar yo 
or Gly. cuis etel withatne; EECOPIUSC DOS OHTICS, 

vs, мн ет је + be musical scale. The relative 
Tequencies of each ‘of the principal notes of Ee scale, doh, me, 
9h, doh! are shown by the following experiment. 
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Expt. F.—A thin metal plate has small holes bored at equal 
distances on the circumferences of four concentric circles, the 
respective circles with increasing diameters having 24, 30, 36 and 
48 holes. This disc, called a disc siren, is mounted on the axle 
of an electric motor connected, through a rheostat, to the mains 
(Fig. 80). When the motor is running steadily a draught of air 
from a wind chest is directed against the innermost circle of 
holes, and the periodic escape of air through hole after hole 
produces a note. Each of the other circles is treated in turn and 
the four notes heard are identified as doh, me, soh, doh!. The 
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rheostat is altered to change the speed of rotation and the test 
carried out as before. The notes heard are different, but as à 
group they form a similar sequente. 

For a steady rotation of the disc, it is evident that the 
frequencies of compression produced by escaping air are in the 
ratio 24:30:36:48. Thus the frequencies of the principal 
notes of the scale are in the same ratio. With a siren having 
eight circles of 24, 27, 30, 32, 36, 40, 45 and 48 holes we should 
obtain all the notes of the common scale ; thus when we hear 
two notes which we can identify in the musical scale, we can at 
once state the ratio of their frequencies. 

It should be noted that the rapidity of vibration of the source 
has no sensible effect upon the velocity of the sound waves 
Propagated in the air. That this is true for notes of any pitcb 
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is л 

a va by the simple test of listening to a band playing a 

сн tune. No matter how far we may be from the band 

diffe usic sounds the same; it would not if the sounds of 
rent pitch travelled from the instruments to our ears with 


different velocities. 


The frequency of stretched strings 
A violinist in tuning his i i 
t g his instrument turns a peg to increase or 
срне the tension of the faulty string ; to play the instrument, 
produces notes of different pitch by pressing in different places 
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On the string which is being bowed. We shall now investigate 
* the conditions which are applied in the use of the violin and 

other stringed instruments. 
The apparatus to be used is a sonometer (Fig. 81). This 
Consists of a strong box, acting as a sounding board, on which 
ted over fixed bridges. The end 


two thin steel strings are moun i 
of one string is attached to the hook of a spring-balance, the 


Other end of which is fixed. Tension in the strings is varied by 
with a key, and a movable bridge B 


turning the mounting pegs A i 
15 used to vary the length of string acting as the sounding source. 
Expt. G.—How does the frequency depend upon the length of the 


moved, both strings are tuned to - 
doh. The bridge is then 
d until the longer segment 
In each case the length 


String ? 

With the adjust 
the same pitch. 
Inserted under the 
Sounds me, then soh, and 


able bridge ге 
Call these notes, 
wire AC and move 
finally doh'. 
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of the vibrating segment is measured and tabulated with the 
name of the note and its relative frequency. The relation 
between length and frequency is clearly an inverse one, for halving 
the length of the string doubles its frequency. Test the ratios 
for the intermediate notes. 


Note Relative frequency Length of wire 
WOME а 24 100 cm. 
MUCECLAC 2%. 30 | = 
a. T. 36 ђе = 
Don. x ++ 48 = 


What аге the conditions of tension in the wire AC during this 
experiment ? 


Expt. H.—How does frequency depend upon the tension ? 


Both strings are tuned to the same pitch and the tension of 
PQ read on the spring-balance. Using the note of AC as doh, 
the spring PQ is then tightened until it sounds me, then soh, and 
finally doh! ; in each case the tensjon is read on the spring- 
balance and recorded with the note and its relative frequency- 
Here the frequency increases with the tension. Doubling the 
frequency requires a tension four times as great; thus frequency 
varies as the square root of the tension. Test this relation for 
the intermediate notes of the scale. Note in this experiment the 
length of the vibrating string remains constant. 


Note Relative frequency Tension 
Doh. 24 = 
Me 
Soh Es 


Doh! 


ete 

Er M 30 — 

P Te EAS 
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Resonance 


Although a stationary, he: 
would show a marked tendency to 
to set it in oscillation and build up a 
means of a relatively feeble force. 


Expt. J—A heavy iron ball is fitted up as à pendulum. To 
the side of the ball is attached a single fibre of unspun silk. 
With a steady pull on the fibre, it breaks before the ball is 

1 d. Another fibre is mounted, pulled feebly 
and released. This starts the pendulum swinging with a very 
small amplitude ; each time the ball swings towards the experi- 
menter the fibre is given another feeble pull, and is again released. 


In this way a large amplitude is built up. ^ 
litude depends entirely on 


The production of this large amp у 
the timing of the feeble force brought into action and the con- 
tinued. response of the oscillating body is known as resonance. 
\ garden swing, operated by a small child, has its amplitude 
Similarly built up.by а succession of properly timed small forces. 


The examples given are cases of mechanical resonance, and in 
arise if precaution 15 not taken 


Certain circumstances danger May х t 
to avoid its occurrence. Every body has its own period of 
Oscillation, and if small forces are applied to it at intervals coin- 
Ciding with its own period, а dangerously large amplitude may 
be set up. A company of soldiers marching in step over a 
Suspension bridge may have a frequency of tread which is the. 
Same as the frequency of oscillation of the bridge, 1n which case 
the bridge would respond re to the correctly timed 


more and more 
steps and disaster might ensue. For this reason, the company 
1 
5 always ordered to brea 


avy body, possessing great inertia, 
remain at rest, it is possible 
large amplitude of swing by 


k step when crossing the bridge. 


Acoustic resonance | 
If two bodies have the Same frequency and one is already 
Vibrating, it will set the other in sympathetic vibration if suit- 
ably connected with it. Thus if the disc siren is adjusted to 
Produce a frequency of (say 256 vibrations рег Sec. and the 
Prong of a tuning fork of the same frequency 15 held in the path 
Ol tke ар 5. the successive compressions acting on the 

рше аш motion and its note is 


Prong are exactly timed 19 increase it$ 
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heard when the air supply is cut off. Resonance which sets up 
vibrations rapid enough to produce sounds is known as acoustic 
resonance, and it is usefully employed to set up large vibrations 
in columns of air and, as in organ pipes, cause them to resound 


Fic. 82. 


loudly although the  actuating 
source is one of feeble power. 


Expt. K.—A glass tube, diameter 
2-3 cm. and length about 40 cm. 
is mounted in a tall glass cylinder 
partly filled with water (Fig. 82). 

A tuning fork, frequency 256 per 
ѕес., is sounded and is inaudible 
except to those very near it. It 15 
'held over the mouth of the tube 
and still remains generally in- 
audible. With the fork vibrating 
over the mouth of the tube, water 
is quietly siphoned into the cylinder, 
and soon a sudden increase in the 
intensity of the sound is heard. 
At this stage, the siphon is stopped: 
Forks of frequency 320, 384 and 
512 рег sec. are now sounded in 
turn in place of the first опе; 10 
each case no response is obtained 
until more water is siphoned in to 
produce a resounding column O 
air of the appropriate length for 
the frequency employed. Fre- 
quencies and lengths of resound- 
ing column should be tabulated an' 
compared. 


$ Siner the lower end of each column of air used above is closed 
y the surface of the water, the response in these cases is classifie 


as resonance in a closed tube, 
response in an open tube. 


We shall now consider the 


The glass tube is removed from the water, dried and wound 
round with a few layers of stiff paper, held in position by rubber 
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b TE 
i 2 The vibrating forks are held in turn over one end of 
fie pa » and the correct resounding length obtained by sliding 
ae рег cylinder partly over the end of the glass 
c requencies and lengths are again tabulated Гаа 
512 ompared. The test for the fork of frequency | 
ex dw sec. fails. Why? Finally, compare the 
ds s of open and closed tube which resound to | 
ame frequency. | 
eee air particles of any of these columns of air | 
the 1 e with a fixed frequency which depends upon | 
Pee ењ of the pipe and whether it is closed or 
* (Try blowing steadily across one end of a ||| 
; piece of glass tubing, opening and | 
closing the remote end with the finger.) | | 
Resonance occurs when the vibrations | 
of the particles are built up by the 
persistent impulses of a sounding source 
which has the same frequency as that 


of the particles themselves. 
of two kinds. In | 


Organ pipes are 

the flue pipe (Fig. 83) а steady stream 

the bellows is directed 

slit S aga 
blade B. 


1”) 


LLL) 


ULL 


resound. The pip? но. 83. 
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» may be left open | 
an open pipe ; alternately jt may be closed at the 
top by à Jeather-covered plug P and act as a 
J closed pipe. In the reed pipe. (Fig. 84) the air 

Fic. 84. column resounds to the vibration of a reed R, 
Push; which is “ tuned » to the required frequency by 
и hing down the wire W to adjust the length of reed actually 
о in vibration. The mounting of this reed virtually closes the 
Be end of the pipe which thus operates always as a closed 
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IMAGES. OPTICAL INSTRUMENTS. 


Behaviour of light rays (revision) 

Light is a form of radiation emitted by a body at, or above, à 
temperature roughly described as red-hot ; it travels in straight lines, 
and each straight path is called a ray. When a beam of rays i$ 
incident upon the surface of a medium, the light may be (a) reflected, 
(b) transmitted, or (c) absorbed. , 

(a) Reflection.—If the surface is perfectly plane, the reflection 15 
regular and corresponding angles of incidence and reflection are 
equal ; if the surface is uneven or unpolished, the reflection is diffuse. 
For a concave mirror rays diverging from its centre of curvature lie 
on normals and are reflected along their incident paths ; rays parallel 
and close to the principal axis are reflected through one point—the 
principal focus—midway between the centre of curvature and the pole 
ofthe mirror. Conversely, rays diverging from this focus are rendered 
parallel by reflection from the mirror. 

(b) When transmission occurs, the direction of the ray is usually 
altered ; this is the process of refraction, which is always accompanied 
by partial reflection. For oblique incidence, light entering a denser 
medium has its speed reduced and turns towards the normal. Con- 
versely, if light enters a rarer medium the speed is increased and гауз 
are refracted away from the normal. But if the angle of incidence in 
the denser medium exceeds a certain value—the critical angle—trans- 
mission to the rarer medium ceases, and the incident light is totally 
internally reflected. No change in direction occurs during the trans- 
mission of rays incident normally to a refracting surface. А beam O' 
rays parallel and close to the principal axis of a thin convex lens is 
refracted through one point—the principal focus—conversely, rays 
diverging from this focus are rendered parallel after passing throug 
the lens. Any ray passing (not too obliquely) through the optic centre 
of the lens proceeds without perceptible change of direction. 

(c) Absorption.—If absorption is complete, the object appears 
black; if partial, then the light which is reflected or refracted, 0n 
teaching the retina of the eye, enables us to decide the colour of the 
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object. If the incident light is white, the colour assigned is the natural 


Colour of the object. 


Images i 
If light from an object is reflected or refracted before reaching the 


eye and then focused sharply on the retina, an image of the object is 
viewed. These images are either (a) real or (b) virtual. Real images 
are formed by actual focusing of converging rays and are viewed by 
means of diverging rays passing from the image to the eye. Conse- 
quently all real images may be projected on a screen. To produce a 

mirror or a convex lens, the object 


Teal image by means of a concave ; л 
must be placed, in either instance, at a distance exceeding the focal 


length of the mirror or lens used. З 4 
If after reflection or refraction, the rays diverge continuously until 
they reach the eye, the image on the retina gives effect to the appearance 
of a virtual image. This type of image may be produced by placing 
the object (1) at any distance from a plane mirror or à plane refracting 
ipal focus and the pole of a concave 

Suede оро Leu 
Conve; i ces light rays divergin! rom the 
nvex lens. In all these instan pis been сае 5; refracted ; 
lens which brings them 


to à focus on the retina. 


The eye and the photographic camera A қ 
In dealing with the process of viewing an image We have relied 
Aot entirely on 
‘om of the lens and 
е retina of the eye 
fee suffice to account „yow 
n the production and spot 
Ocusing of the image 
Ut there are other com- 
Ponents of the eye (Book 
io P. 151) which operate у У 
di .Produce suitable con- à 3 стат 
eons for viewing the 
Td clearly and Ета 
3 . n extending 
аг Knowledge of the optical arrangeme 
Compare them with, those of ê camera › 


Ligament 
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nts of the eye, we shall 
the corresponding parts 
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are much alike in purpose and behaviour, though not in their 
methods of operation. 

The lens of the eye has a focal length variable to a small 
extent ; the focal length of a camera lens is usually fixed.! Each 
lens refracts the incident rays to form a real image sharply in 
focus on a screen: in the eye this is the retina ; in the camera 
it is the sensitive plate. The plate, however, gives uniform 
response over its entire surface, while the retina forms the 
sharpest image in the region of the yellow spot. у 

The image distance in the eye is constant and accommodation 
is provided by varying the focal length of the lens by the action 
of the ciliary muscles and ligaments. In the camera, the lens 15 
usually moved to adjust accurately the image distance ! to corre- 
spond to the distance 
of the object. Just as 
the ciliary muscles do 
not usually accom- 
modate the eye for 
objects nearer than 10 
in. so the extent 10 
which the camera lens 
may be moved out- 

FiG. 86.—THE CAMERA. wards fixes the least 
А distances of objects 
for which sharply defined images may be obtained on the plate. 

To regulate the intensity of the light falling on the retina, the 
muscular iris €xpands or contracts, so varying the aperture (оГ 
pupil) of the eye until the retinal nerves are stimulated without 
discomfort. To regulate the entry of light, in accordance with 
the exposure he intends to allow, the photographer adjusts the 


iris diaphragm (or stop) of his camera. Complete exclusión of 
light from the eye is obtained by closing the eye-lid, and from а 
camera by closing the shutter, 


Reflection of light by convex mirrors ‘ 
Any polished or silvered surface of a solid sphere will serve 
as a convex mirror ; if a portion of a spherical shell is used, the 


* Some cameras have a fixed image distance and the focal length of the 
compound lens is altered b; 


E у screwing one component lens nearer to OF 
farther from the adjacent one. P 
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Teflecting surface must face the outside. А cylindrical surface 
provides a special type of convex mirror, producing only in 
certain circumstances the same results as those obtained by using 


the spherical form of mirror. 

The terms pole, centre of curvature and principal axis are 
defined exactly as they were in the case of a concave mirror, but 
you will note that for a convex mirror the centre of curvature is 
behind the reflecting surface. 

Expr. 1.—To study the reflection by a convex mirror of— 

(а) A set of parallel incident rays- 

(6) A set of incident rays diverging from a point. 

Apparatus : Light-beam apparatus (Bk. II, p. 285), triple slit, a comb, 


à cylindrical convex mirror. ( 
(а) Assemble the apparatus for parallel rays (Fig. 87). Place the 
mirror across these rays 50 that they are reflected in turn by different 


e (2) 
to the reflected rays in each position 


Parts of it. What happens oa А 
tested? Adjust the mirror so that the central incident ray lies on the 
principal axis of the mirror and is consequently reflected back along 
its path, Mark the pole of the mirror and draw accurately the paths 
Of the incident and reflected rays and the line MR on which the mirrot 
stands, Produce the lines of the reflected rays backwards behind the 
Mirror line. They meet at a point. : : 
epeat the experiment, substituting а comb for а triple slit and 
Verify that the previous observation only applies if the rays are reflected 
Tom positions near the pole of the mirror. 
When тей 5 mirror, rays parallel and close to 
ected by a convex Е і ; 
ће principal axis ұры not brought to à focus ; they diverge as if 
Coming from a point behind the reflecting surface. This point 
is the principal focus of the mirror, and its distance from the 
Pole is the focal length. Since no light arrives at, OT proceeds 


fi mirror is a virtual fi 
03 Е, the principal fo х : Ма 


Fic. 87. 


cus of à conve 
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apparatus (Fig. 88) to produce a set of rays 
Mm Ens Қ әсе Шор. across these rays as far s" 
possible from S, and gradually move it towards _this ерін 
Observe the reflected rays for a number of positions o 5 
mirror, and verify occasionally that the paths of these ze aba 
duced backwards, meet at a point beyond the reflecting surface. 


These reflected rays are never brought to a real focus ; А they 
always diverge from a virtual focus I behind the mirror. Iis the 
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image of S and so it is evident that when light from a point 
Source, or a group of point sources, is reflected by a convex 
mirror, the image formed must always be virtual in character. 


EXPT. 2.—Is there any relationship between the focal length and the 
radius of curvature of a convex mirror ? 


Apparatus: Light-beam apparatus, triple slit, convex mirror, 
cylindrical convex lens, centimetre scale. 


Note.—The centre of curvature lies behind a convex mirror. 


First, as in Expt. 1 (a), determine the focal length of the mirror. 
Then arrange the apparatus to provide a set of diverging rays and 
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place the convex lens across these (Fig. 89) to obtain, fairly distant 
from the lens, a focus C of the refracted rays. Place the mirror 
across these rays and adjust its position so that they are reflected 
along their paths, through the lens to S. Then each ray from the 
lens to the mirror lies on a normal to the latter and, if continued 
beyond the mirror, would pass through its centre, ie. through С. 
Trace the mirror, remove it, mark the point C and measure the radius 
of curvature. Compare the radius with the focal length. 


Readjust the mirror so that the reflected rays are parallel and ther 
deduce the focal length of the mirror, 
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hese experiments to state how the following 


Summarise the results of t 
convex mirror ; thus : 


ade 
ncident rays are reflected from a 


(1) Rays parallel to the principal axis are reflected. . . . 
(2) Rays directed towards the centre of curvature are reflected. . . . 


(3) Rays directed towards the principal focus are. . - - 


Graphical construction for image 
ays striking the mirror near 


_ As the above rules apply only for r 
its pole, we shall use a reference line, as previously, to determine 


the directions of the reflected rays. 


(b) 
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Takes Е incipal axis of а convex mirror, P its 
pole aed PO, Haa E prin аі principal focus lies midway 
between p and C. OB is the обје placed: ror Convene 
With B on the axis (Book П, P- ЖЕТ DO D сена 

A ïs reflected as if coming from F, and another from O directed 
towards C is reflected 21008 its incident path. These rays (and 
Others) will diverge as i ing from 1, the image of О. Simi- 
arly all points below О have images 10 corresponding order 
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below I; hence IM is the goles image of OB. Fig. 90 (b) 
i es the process of viewing this image. М 

ае often this Қада сата is repeated for ee 
distances of the object from the mirror, four features of t A 
image remain unchanged; it is always (1) virtual, (2) E 
(3) situated between the principal focus and the pole, an 
(4) smaller in size than the object. Because of these features, 


the convex mirror is specially suitable as an external driving 
mirror for a motor vehicle. 


, Refraction by a concave lens 


A concave lens is a refracting medium, usually of glass, whose 
surfaces are (1) both spherical, or (2) one spherical and one 
plane. It is thinner in the middle than round the edge. The 
lens as a whole has no centre of curvature and its principal А 
is defined as for а convex lens (Book II, p. 251). Cynon 
concave lenses have the same experimental advantages an 
practical limitations as cylindrical convex lenses. 


Ехрт. 3.—To study the refraction by a concave lens of — 
(a) A set of parallel incident rays. 
(b) A set of rays diverging from a point source. al 
Apparatus : Light-beam apparatus, triple slit, a comb, a cylindrica 
concave lens, centimetre scale. ; 
(а) Assemble the apparatus for parallel rays (Fig. 91), placing tbe 
lens across these so that as a group they traverse different parts O 


© (5) 


the lens. In each case the rays diverge after leaving the lens. Now 
arrange the lens so that its principal axis and the central ray 
coincident, and trace the lens and rays accurately to find the point 
from which the divergent rays appear to come. This is the principa 
focus of the lens (clearly, a virtual focus) and its distance from the 
lens is the focal len, Measure and record its value. 


'Substitute the comb for the triple slit and verify that statements 
about the princi 


pal focus apply only to rays passing through the lens 
near its centre. 


Fi. 91. 
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us as іп Fig. 92. " Start with the lens 
from the source S, and 
after refraction for 


(b) Rearrange the apparat i 
across the diverging rays as far as possible 
gradually move it towards S, observing the rays 
several positions of the lens. 


Fic. 92. 


The refracted rays are never brought to a real focus ; they 
on the same side of the 


always diverge from a virtual focus I, the se 
lens d S B the image of S; hence it is evident that when 


rays diverging from а point source, ог à group of point sources, 
are refracted by a concave lens, the image produced must always 


be virtual in character. 


The optic centre of а concave lens 
as the optic centre of a 


This point has the same property а à 
convex ра s may readily be verified by assembling the 


I oum 
© (в) ae NV] 


light-beam apparatus as in Fig. 93. The procedure is exactly 
Note up adopted when dealing with a convex lens 


(Book II, p. 22). 


Graphical construction for image 4 3 
i i are used to 
Fig. 94 (a) illustrates how the properties of rays 
QUUM 52 position of the image which redd en ae ne 
diagram takes the same form whatever the distance, CB, of the 
Object from the lens, 50 that we may State that the image is 

Y 1, (9) situated between the optic 


always (1) егесі, (2) virtua 
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centre and the principal focus, and (4) smaller than the object. 
The accompanying diagram, Fig. 94 (5), shows how this image is 
viewed by the eye. 


Defective sight 


When the ciliary muscles of a normal eye are relaxed, the lens, 
then at its thinnest, is shaped to focus a beam of incident parallel 
rays on the retina (Fig. 95a). In these circumstances we say the 
eye is at rest, and this special case of vision is described as viewing 
an object at infinity. The pupil of the eye is so small that гауѕ 


(a) (b) (о) 
Fic. 95. 

from any point lying more than 20 feet away enter the lens іп 
directions which are sensibly parallel ; consequently, in practice: 
all such points are Considered to be “ at infinity." 

. Now, all eyes are not normal. In some instances the eye-ball 
15 too long, the focus of parallel rays lies in front of the retina 
(Fig. 955), and the owner suffers from a defect known as short- 
sight; in others, the eye-ball is too short, the focus of parallel 
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rays would lie behind the retina (Fig. 950), and the owner suffers 
from long-sight. In either case, with the eye at rest, the rays 
would arrive on the retina slightly out of focus, and the visual 
result would be a blurred impression of the object viewed. 


Short-sight 
In this defect the focal length of the eye lens at rest should be 
/ longer (Fig. 955), and there is nothing which the ciliary muscles 
can do to secure this need. But as the object at infinity is 
brought nearer, the image will gradually move away from the 
At this stage, 


principal focus and ultimately lie on the retina. 
the Object is in a position called the far-point of the eye; nearer 


than this position, the object comes within the range for which 
accommodation is provided by the ciliary muscles, and clear, 


T ran POINT 


Fic. 96. 


' unassi «i ig possible. From objects beyond the far- 
polit s Xs which would be focused in front of the retina 
are first made to diverge slightly by passing them through a 
concaye lens. This lens is chosen so that, in the case of parallel 
rays, the new divergence is directed from the far-point (Fig. 96) ; 


the image is then obtained on the retina. 


Long-sight ; 
! rtness of the eye-ball does not necessarily 
cud ас a image of a distant object, for the ciliary 

а blurre ten the focal length of the lens. 


muscles can be exercised to shorten tne / В 
This simply means that а distant object is not viewed by a long- 


: object is moved towards the eye, the 
Sighted eye at rest. Apo od les reaches its limit, and when 


ассо : f the ciliary muse 3 
ike Pu ie a object is situated at the near-point of the eye, 
Which will usually be further away than 25 cm. Rays from 
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objects less distant than the near-point (Fig. 97) would be 
focused behind the retina ; to obtain the focus on the retina а 
convex lens is used to make the rays less divergent before entering 
the eye. This lens is chosen so that when the object is 25 cm. 
from the eye, rays enter the eye as if coming from the near-point. 


NEAR POINT. 


Aids to vision 


The real image on the retina 


(Fig. 98) is always smaller and 
often very much smaller than th 


€ object viewed. Consequently, 
when observing a distant Object, or even a small object at 25 cm. 
distance, the normal eye is often incapable of detecting the 
details. In such disadvantageous circumstances, the observer 


о 
M 
I 
B 
(a) 2 
о 
Жә” 
>> 1 
E (b) 


Fic. 98. 
must assist his vision by using a telescope or a microscope. 
Observation through these optical instruments constitutes the 
most important use of images; in either case, light rays from 
the object must pass through the instrument which is used, and 
so detailed informati 


4 Оп is obtained by the examination of an 
image and not of the Object itself, 


Posed to irtual imag 
4 form a vir! d its an gle 0 
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The angle of vision 

Consideration of the retinal images in Fig. 98 shows that as 
the image of a particular object increases in size, the angle ICM 
Which the image subtends at the optic centre of the eye also 
Increases. Since rays pass undeviated through the optic centre, 
it follows that the angle ICM is equal to the angle OCB, the 
angle subtended at the optic centre by the object. This angle 
OCB is known as the angle of vision ; clearly, if it is not large 
enough, the image will be too small for its details to be visible. 


ao 


Fic. 99. 


When this is so, an image with a larger angle "d vision must 
first be formed outside the eye; the Cased lane pie ea 
the retina is then large enough 19 show the cw бі M bue 
is the essential purpose 0 сармат лдар INIRE 
Shown in the case of the simple Lg ОСЕ 
cw For a small unn ззат. Ы АН (b), ihe EM 2 
5 too small; at the short? JB lies well within the | 

i d ow OB lies we east 
Ghat hal bee И "convex lens L is ee He 
5 e at 25 ст. (Book II, p- 67). This 

f vision is practically the 


«age is distinctly visible а 
ame as that of the object. 
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compound microscope . | 
Ј =“ small objects, e.g. ameba, the magnification d 
able with a simple microscope is insufficient to reveal са 
In such instances, a convex lens, called the objective (Fig. M 
is used to produce a magnified real image IM of the very + 
object OB ; this real image is situated near to the eye to c 
a large angle of vision, and a second convex lens, called ne 
eyepiece, is interposed to form a final virtual image LM; Thi 
arrangement of convex lenses is the compound microscope. 
When using the compound microscope, it is usual to view the 


Eyepiece 


Objective 


Fic. 100. 


final image situated at the near- 
eye. 

Since IM is a rea 
from the object OB 
length of the latter, 
image IM is relatively 
objective. Consequentl 


Point, ie. 25 cm. from a normal 


l and much magnified image, the dn 
to the objective must just exceed the foca 

Clearly also, for high magnification the 
much further than the object from e 
y to keep the length of the instr 
within convenient limits, the focal length of the objective nu 
be very short, eg. 1 cm. The eyepiece acts as a simple on 
Scope used to view IM, and although its focal length is usua y 
longer than that of the Objective, it must be short enough 
give good magnification of the real image. 


The astronomical telescope 

This instrument is 
considered at infinity. 
convex eyepiece, but the 
that of a compound m 
between the Object and 


used for objects far enough away to B 
It consists of a convex objective and 
ir selection and arrangement differ po 
icróscope because of the great distanc 
the objective. 
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Rays from any point on the object reach the telescope as a 
parallel beam (Fig. 101); consequently the real image IM 
formed by the objective is situated at the principal focus of this 
lens. The eye is placed near this image to obtain a conveniently 
large angle of vision and the eyepiece is then interposed to 
Obtain a final magnified virtual image. Usually, the eye chooses 


to view this image at the far-point, і.е. it remains at rest and so 
it must receive beams of parallel rays from the eyepiece. 
the image IM must be at. 


For the eye to receive parallel rays, 1 [ 
Further, if the image IM is 


the principal focus of the eyepiece. И 
to be near the eye, it follows that the focal length. of the eyepiece 
must be short. Consider again that this image is also situated 


Parallel rays from 


Fic. 101. 


at the principal focus of the objective. Examination of the rays 
through the optic centre shows that the further the image is 
from the rt the greater is its size and correspondingly 
the greater "a angle of vision subtended by d Ше igs Conse- 
quently the focal length of the objective pe à ар as bed as Е 
Conveniently possible. Lastly, the length of the telescope is the 
sum of the focal lengths of the lenses bus > а result 
& i , articularly the objective. 
iden сұсы Rem b virtual image is an inverted 
сору, of th Be i for which reason this telescope 15 of little use 
Or terre: aK 7 J jses. Itis, however, suitable for astronomical 
Work- hence its hame--end tt Was 00 such work that Galileo 
a the instrument (Book I, p tion of a second telescope 
E повая which he used a concave eyepiece to 
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produce an erect final image and so made an instrument suitable 
for terrestrial work. 


ЕХРТ. 4.—To study the effect ој, placing a concave lens across a beam 
of rays converging to a point. 

Apparatus: Light-beam apparatus, triple slit, cylindrical convex 
and concave lenses, centimetre scale. 

First, as in Expt. 3 (а), determine the focal length of the concave 
lens. Then, arrange the lamp and triple slit for a set of diverging 
rays and place the convex lens across these (Fig. 102), so that the 


refracted тауз converge to a fairly distant focus F. Мо 
concave lens асг 


and then move 
divergence becomes less and fin 
stage, trace in the concave lens 


О, 


and determine its 
lens. 


уу place the 
055 these converging Tays so as to make them diverge 
it gradually from the convex lens towards F. The 
ally the rays are parallel. At this 
and remove it. Mark the point F, 


Fic. 102. 
distance from the marked position of the concave 


This distance a 
Clearly then, 
lying beyond a concave lens are 
applied in using a concave eyepiece in the Galileo telescope. 
The Galileo telescope 
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The lensth of this telescope is equal to the difference of the 


focal lengths of the lenses used. This appears to provide an 


additional advantage, 
the corresponding astron 
the same magnification. 


because this length is shorter than that of 
omical telescope which would obtain 
Unfortunately, for practical reasons, 


e made to obtain high magnifi- 
gnification suffices and compactness 


Of design is desirable, as in the ust of opera ЈЕ an 
glasses, this instrument possesses а GERE aged x its Pun 
astronomical telescope—it 15 cae 


Image is erect, 


the Galileo telescope cannot b 


cation. But where small ma 


CHAPTER 12 
PRESSURE IN FLUIDS 


Force and pressure 


When used in a general sense, the terms force and pressure 
usually denote the same thing—the. action of one substance 
pressing upon another. In scientific language, and especially 


When we express the strength of a 
force or a pressure by means of a 
numerical value, the two terms have 
" definite and distinctive meanings. 


4 
| To make clear the difference between 
force and pressure, we shall consider 


S 4877 some simple cases, 
Sa (а) Consider a rectangular block of 
Fic. 104, Wood, say 6 in.x4 in.x3 in. and 


у weighing 30 oz. (Fig. 104), lying on 
a horizontal plane. Irrespective of the face which makes 
contact with the bench, the block is pressing on the bench with 
a force of 30 oz. But when we consider which face makes 
contact, then it is evident that this force of 30 oz. may be dis- 
tributed over 24 Sq. in., over 18 Sq. in. or over 12 sq. in. of bench 
surface. The distribution of the force is stated by calculating how 
much of it acts on each unit of area. This is making a statement 
of the pressure, which is then defined as force per unit area, In 
the example given, its value would be stated in oz. per sq. in. ; 
other units are Ib. per sq. in., Ib. per sq. ft., and grm. per sq. cm. 


" о 44% 58 i 
(b) Since pressure - 1075, it is evident that a small force will 


produce a large pressure if the area on which the force acts is 

sufficiently small. Operated by the same force, a sharp blade 

cuts more easily than a blunt one. Conversely small pressures 

result from the application of forces over relatively large areas, 
150 
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e.g. in skiing, the weight of а man is distributed ; 
ng, ove 
ene skis (attached to the soles of his boots) and Sie eon 
o re so produced makes little impression 
n the snow. 
E When dealing with liquids it is more 
pam to speak of the force exerted by the 
ihm as the thrust of the liquid (cf. the 
a rust mentioned in Archimedes” principle, 
ok I, p. 17). 
E ner a cylinder (Fig. 
denne: А sq. ст. containi 
of xd d grm. per c.c. Sup 
d ^d liquid to be h cm., th 
liquid с.с. and its weight, hAd grm. The 
an exerts a thrust of hAd grm. оп the base of the cylinder, 
this thrust is distributed over an are 
Hence, the pressure on the base of the cylinder 


tst Ji Ad. gm: р.а gem. per 59. Cl 
area А sq. cm. 
f 


105) of cross- 
ng à liquid of 


pose the depth — . 
en its volume Fic. 105. 


Pus same value is obtained if the liquid is in a vessel of any 
"m of cross-section. 
5 n result is importan 
colu umn of liquid does П 
mn. 


ws that the pressure of 


t because it sho t 
ional area of the 


ot depend on the sect 


Pressure in liquids 


Ехрг А D 
1 - A.—To study the 
evel within a liquid. 
Apparatu f glass tubing (6 mm.), bent and 
s: Several len ths of £ 2 С 
Mounted, as shown meres corks fixed in a strip of ply-wood 
(Fig. 106), glass tank containing water, pipette, beaker containing 
Eum oil. 
he tub: ushed throug ort 
пуни Land oil is released 
tom the pipette into eac tube until the water 15 forced out and 
% е oil just reaches the immersed ends of the tubes. The shape 
the oil surface at these ends shows th 


pressure at several points on the same 


h their supporting corks 
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PRESSURE IN FLUIDS 


Force and pressure 


When used in a general sense, the terms force and pressure 
usually denote the same thing—the. action of one substance 
pressing upon another. In scientific language, and especially 


When we express the strength of a 

Wem force or a pressure by means of a 
numerical value, the two terms have 

» definite and distinctive meanings. 


| 

4 
| To make clear the difference between 
force and pressure, we shall consider 

some simple cases. 
(а) Consider a rectangular block of 
Fic. 104. wood, say 6 in.x4 in.x3 in. and 
у weighing 30 oz. (Fig. 104), lying on 
а horizontal plane. Irrespective of the face which makes 
contact with the bench, the block is pressing on the bench with 
a force of 30 oz. But when we consider which face makes 
contact, then it is evident that this force of 30 oz. may be dis- 
tributed over 24 sq. in., over 18 sq. in. or over 12 sq. in. of bench 
surface. The distribution of the force is stated by calculating how 
much of it acts on each unit of area. This is making a statement 
of the pressure, which is then defined as force per unit area, In 
the example given, its value would be stated in oz. per sq. in. ; 
other units are Ib. per sq. in., ib. per sq. ft., and grm. per sq. cm. 
(b) Since pressure =P > it is evident that a small force will 
produce a large pressure if the area on which the force acts 15 
sufficiently small. Operated by the same force, a sharp blade 
cuts more easily than a blunt one. Conversely small pressures 
result from the application of forces over relatively large areas, 
150 
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f a man is distributed over the area 
he soles of his boots) and the small 
ression 


e.g. in skiing, the weight o 
of long skis (attached to t 
Pressure so produced makes little imp 
on the snow. 
a (c) When dealing with liquids it is more 
ры to speak of the force exerted by the 
iquid as the thrust of the liquid (of. те 
poo mentioned in Archimedes" principle, 
ook 1, p. 17). 
A Consider a cylinder (Fig. 105 
ron А sq. cm. containing а liquid of 
ensity d grm. per c.c. Suppose the depth 
ae the liquid to be / cm., then its volume 
i ЛА (с.с. and its weight, ЛАЯ grm. e | 
iquid exerts a thrust of hAd grm. on the base of the cylinder, 
and this thrust is distributed over ап area of A sq. cm. 

Hence, the pressure on the base of the cylinder 

thrust ЛА grm. pd grm. per sq. cm. 
area А 59. cm. 

d if the liquid is in 
ws that the pressure of 
е sectional area of the 


) of cross- 


Fic. 105. 


a vessel of any 


mue same value is obtaine 
аре of cross-section. 

a This result is importan 
2 Column of liquid does п 
olumn. 


t because it sho 
ot depend on thi 


Pre 
Ssure in liquids 
veral points on the same 


le Expt. A2 To study the pressure at se 
vel within a liquid. у 
Apparatus : Several lengths of glass tubing (6 mm.), bent and 
mounted, as shown, throug corks fixed in a strip of ply-wood 
(Fig. 106), glass tank containing water, pipette, beaker containing 
ra oil. d 
So oe ate аа е same level, and oil Е released 
Тот the pipette into each tube until the water 15 for and 
the oil just E ies the immerse nds of the ubes. e shape 

the oil surface at the ds shows НЕ 


through their supporting corks 


se еп 
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which pressure is being exerted by the water. Further, the 
heights of the oil columns above the selected level are equal. 


Fic. 1C6. М 


The tubes are now adjusted so that their immersed ends аге оп а 
different common level and the experiment is repeated. 

We may now conclude 
that at all points on the 


‘same level within a liquid 
Е pressure is exerted equally 


in all directions. 

Expt. B.—What is the 
effective direction of pressure 
against the walls of a vessel 


) containing а liquid ? 
The apparatus consists , 


of a constant-level reservoir 
(Book II, p. 48) made from 
an old steam kettle with 15 
base cut off. Small holes 
are drilled vertically beneath 
each other in the cylindrical 
side and in the conical 
surface of this reservoir 
(Fig. 107). Only inlet and 


outlet pipes are required, and the latter should reach nearly to 
the top of the vessel, 


ет | To Sink 
Fic. 107. 
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d to maintain a constant level at 
d the direction of each jet of water 
om the reservoir. This direction 
ressure, and is everywhere 


The water supply is adjuste 
the top of the overflow pipe an 
ts observed just as it issues fr 
indicates the effective direction of the pi 
perpendicular to the wall of the reservoir. 
water from a reservoir 


Expt. C.—Without mechanical assistance, 
the water level in the 


tannot be forced to а height above that of 


reservoir. 
The reservoir is an aspirator with two side openings at the 
Same level; through these openings two bent glass tubes are 


Fic. 108. 


i з (Fig. 108). 

Mounted b f tightl fitting rubber stoppers 

he tubes у шеді fereat pore and reach higher than the top 

pi the aspi * : 

rie .. and some of it passes into 
ater i i reservoir an t 

the UT poora Ner the surface levels of Be pos m 
еше e o tubes are Ше ST hore, but the fal 

exchanged fbr others of different shape an д 


result is unaltered. 


« 
Prep n We т Fig. 108. There is a far 
К обааг fho reli ee hos E han in either of the 
Bleater weight of water in reservoir t 
e . 
highs but this weight cannot (010 Mes whatever the weight e 
3 i orvot DOr Cen 
Water i SED IAE m the E ром ded they are e à ai Д eight, 
a either of these CO 7 "the emnes w Ee хой, 
Presiurb exerted Әуе the same түсі, are equa! 4 
n 


t 
ie Pressures at C and А, 
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pressures oppose those due to the water in the respective b 
Since the water is at rest, these opposing pressures must 2 
equal. The height to which the column rises is therefore d : 
by conditions of pressure within the reservoir and not by the weig 
of water in it. 


Applications of the expression, pressure —height x density 
Value of atmospheric pressure 


It is usual to state the pressure of the air in terms of the 
height of the mercury column in the barometer (Book I, p. me 
We can now convert a pressure expressed in inches (or cm.) о 
mercury to the corresponding value in Ib. per sq. in. (or grm. per 
sq. cm.) by multiplying the height of the column by the density 
of mercury. Care must be taken to see that the units ој height 
and density correspond. Thus, if the height is 30 in., the density 


must be stated in lb. per cu. in. For mercury the value is 
0:49 Ib. per cu. in. 


Hence the pressure—height X density 
7730 x0:49 —14-7 Ib. per sq. in. 
Determination of the density of a liquid 
If we can arrange for columns of different liquids to bine 
each other, the pressures of these columns must be equal, an 
we may use this equality to determine the 
density of one liquid if we know that Ы; 
the other. The experimental procedur 


differs according as the liquids will or wil 
not mix with each other. 


Case 1. For liquids which will not mix 
with each other 


Expr. 1.—To use the U-tube to determine thé 
density of paraffin. 5 
Apparatus: U-tube, stand and clamp, tW 
small beakers containing respectively water ап 


paraffin, centimetre scale. 
Support the U-tube vertical 


water into it until the limbs are 
into one limb and, when the Ji 


Fic. 109. 


r 
ly by means of the clamp, апа Роа 
about half-full. Pour а little рага E 
quids are steady (Fig. 109), measu 
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the heights of surfaces A and B and of the common level ! CL from 
the bench. 

Above this level we have a column of water AL balanced by a 
column of oil BC. The pressures (height x density) of these columns 
are equal. Calculate the heights of these balancing columns. Enter 
the results as shown in the table and taking the density of water as 
1 grm. per c.c., calculate the density of the ой. Add more oil in 
Stages; repeat the readings and calculations to obtain several values 


for the density. : 
Finally calculate the average value of the density of paraffin. 


Height of water Height of paraffin Density of paraffin 
column=/, column=/y => SUI geri stie o: 
А 


Саѕе 2, For liquids which will mix with each other 5. 
Ехрт. 2.—7o use Hare's apparatus to determine the density of brine. 
Hare's apparatus is an inverted U-tube, with a short suction pipe A 


(Fig. 110) attached to the bend, and its 
Open ends immersed in the respective 
liquids, The suction pipe is fitted with a 
Short piece of rubber tubing which may be 
closed with a clip. 

Apparatus : Hare's apparatus, stand ang 
clamp, two small beakers containing ess 
ively brine and water, centimetre У 

Барра the apparatus with the an s 
the limbs well below the level of liquid ш 
€ach beaker (Fig. 110). Open the baie Е 
apply suction at A ; close the clip whe 
9f the limbs is nearly full. 

The pressure of the a 
liquid in either beaker supports t 
of liquid and the pressure 9 Р 
Column, As the latter pressure is bo 

* The horizontal line lying in the surface where the two liquids meet. 


Brine Water 
tmosphere on the Ес. 110. 
he column ; 

f the enclosed air above the 
he same above both columns, 
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it follows that the pressures of the respective liquid columns are 
equal. 4 

Obtain the lengths of the balancing columns, record them in а table 
as shown and then calculate the density of brine. Allow a little air 
to enter at A, and repeat the procedure to obtain more values for the 
density. Finally calculate the average of these values. 


Height of water Height of brine Density of brine 
column=h, column=h, 


=> X1 grm. per c.c. 


Measurement of gas pressure 


In this case, the U-tube is used to obtain equality of pressure 
of a column of liquid and the gas. In these circumstances, the 
tube and its contained liquid act as a simple pressure gauge OT 
manometer. 

, Normally the manometer liquid will find its own level in each 
limb ; when the gas pressure is applied this equality of level 15 
disturbed (Fig. 111), and the 
pressure of the gas on the 
surface at C has raised a column 
of liquid AL against the pressure 
of the atmosphere. The pres- 
sure of the gas supply is there- 
fore obtained by adding the 
pressure of the column of Наш! 
to that of the atmosphere. For 
a normal gas supply, the mano- 
meter liquid would be water. 


ExPr.3.—Todetermine the pressure 
Fic. 111. of the gas supply in the laboratory. 


Apparatus: Manometer сОП” 


pining water, clamp and stand, length of rubber tubing, centimetre 
le. 
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[Wide World Photo. 
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ometer in the clamp, and connect the horizontal 
Turn the tap slowly up 


with the rubber tubing. 
ly, obtain the height of the column 
11) Read the height of the 


swers to the following 


Support the man 
arm to the gas tap 
to full and, when the water is stead 
AL supported by the gas pressure (Fig. 1 
barometer, Record these readings and your ап 
Questions : 

(a) What :5 the pressure in grams per 54. cm. of the water column | 

9 
ure in grams per 54. 
гу--13:6 grm. per с.с.). 
ssure of the gas 27 | 


cm. of the atmosphere ? 


(b) What is the press 
(density of mercu. 
(c) What is the total pre 


he sea is the sum of that due 


Deep-sea diving 
ace in t 
in.) and that due to 


The pressure on any surfi 
to the atmosphere (about 14:7 1b. per 5q- 
the sea water above the selected. surface. As the pressure at 


Breat depths is large, it is more usually expressed in “ atmo- 


Spheres ” than in lb. рег 5% in. The average density of sea 
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= 7 PA 


[From “ Readable Physiology and Hygiene,” Campbell, G. Sons, Lid 


Deer Divine Surr. 


water is 64 Ib. per cu. ft. Thus at a depth of 90 ft., the pressure 
due to the water is 9064 lb. рег sq. ft., i.e. d Б: 


рег sq. in. This pressure equals = or 2-7 atmospheres and 


thus the total pressure at this depth is 3-7 atmospheres. 

The greatest pressure which the average man can conveniently 
withstand is about 4-5 atmospheres. As the pressure inside 
rubber diving suit must equal that exerted on its outside, 4 diver 
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Deep-SEA FISH. 


used to be limited to a depth where the pressure is 4-5 atmo- 
Spheres, i.e. to a depth of about 120 ft. This limit has been 
Breatly extended by the invention of a steel diving suit with 
jointed limbs; this suit can withstand considerable pressure 
Without extra inflation and so permit operations at depths of 
about 400 ft. It is heavy and cumbersome and its wearer is 
quickly fatigued. 

For observational work, man can descend to much greater 
depths in a very strong steel sphere with small but thick glass 
Windows. In such a sphere, Dr. Beebe has explored the sea at 
а depth of 2,200 ft., where, in the blackness of his watery sur- 
Toundings, he saw strange luminous fishes with enormous mouths 
Which allowed the great pressure of the water to be effective 
Inside their bodies, thus counteracting the crushing effect of the 
Pressure applied externally. 


The utilisation of water pressure / 
m a higher to a lower level 


(a) Water supply.— Water flows fro 
ecause of 4 po of pressure in the water at these levels. 
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Consider the application of this rule to the case of a town's 
water supply, а model of which is illustrated in. Fig. 112. The 
, . delivery taps are at a level lowet 
than that of the water in the 
reservoir. As there is equality 
of pressure at all points On the 
same level in a continuous liquid, 
the pressure at T, on the inside 
of the tap is equal to that at C. 
This is greater than the pressure 
of the air outside (by how 
much?), which is therefore in: 
sufficient to obstruct the flow of 
water when the tap is opened. 

(b) Water power machines.— 
The energy of flowing water 
(p. 97) may be utilised in the 
performance of useful work by 

Fic. 112. means of a water wheel.. The 

қ : old method was to couple the 

machine, e.g. a grain milling machine, direct to the shaft of the 
water wheel. With flowing water, an undershot wheel (Fig. 11 


Бо. 113. 


was used, but with falling water, the more efficient overshot 
wheel (Fig. 114) could be used. 

These simple water wheels work too siowly for modern Fr equite- 
ments, and in Britain machines are usually driven by Br 
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engines or electric motors, both of which ultimately derive their 
energy from coal. In countries where high waterfalls abound, 
€.g. in Switzerland, Norway or at Niagara, it 15 profitable to 
utilise the energy of the water to rotate an elaborate water wheel 
(a water turbine) and to couple the latter to one or more dynamos. 


ZS 


Had. Kace- El j 


б 


“аммүаатллм молам жамоа mwang 


B 
| 
2 
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To maintain a steady rate of working of the turbine a large 
reserve of water is needed. This is obtained by building a dam 
across the valley above the waterfall. From this reservoir water 
flows in a channel (the head-race) to the edge of the precipice 
(Fig. 115), steel pipes guide its fall to the turbine and the spent 
Water escapes by the waste channel or tail-race. Using this 
Process, the hydro-electric station at Niagara supplies the 
electrical power required by over 500 neighbouring towns. 


Pressure exerted by a gas 
p. 2) that the distinguishing 


It is already known (Book ЈЕ 
Property of a gas is that it is compressible. Now a gas, like a 
liquid, exerts pressure (cf. Expt. 3), and when it is squeezed into 


Fic. 116. 


à smaller volume, the pressure of the gas is increased. Con- 
Yersely, if a gas is allowed to expand, the pressure exerted by it 
ìs diminished. Is there a law connecting the volume which a 
gas occupies and the pressure which it exerts ? Before pro- 
ceeding with an experiment to investigate this question, two 


Conditions must be fixed : 
(a) The weight of gas used must not be altered. 
(b) Its temperature must be kept constant. 
e volume of a constant weight 


Expt, D.—To investigate how th 


9f air de і ure. 
spends upon its pressure: 
The puma consists of à graduated 1 tube AB, sealed at A 
and open at B (Fig. 116) The air under test 1s imprisoned by a 
ead of mercur F By means of pressure tubing, the open end 
Of the tube is bam. to а reservoir R, in which the pressure 
2 the tube. It pays to replace this 
The m linear scale below i t st 
Резана кеа ир БУ graduating the volumes in cubic units 
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can be increased by pumping in air, from an inflator, through 
the valve V. Also connected to the receiver is a pressure gauge 
G, graduated in Ib. per sq. in. Since the tube is horizontal the 
pressure of the air on either side of the bead is the same. 


Note on the pressure gauge.—When the valve V is unscrewed 10 
bring the air on both sides of the bead to atmospheric pressure, 
the gauge reads zero. But the value of atmospheric pressure 1$ 
not zero. The gauge is therefore reading too low by the value of 
atmospheric pressure at the time. As this varies only slightly 
from the normal value (p. 154), it will be sufficiently accurate in 
this experiment to obtain the actual pressure in the receiver by 
adding 14-7 Ib. per sq. in. to the gauge reading. р 

With the valve unscrewed, the volume of air in AM and its 
pressure are recorded in a table as indicated. The valve is then 
tightly screwed up and a little air pumped into the receiver. The 
gauge reading is taken, the true pressure calculated and the new 

' volume AM read off. The procedure is repeated to obtain 
several pairs of corresponding pressures and volumes. 


Actual pressure in receiver (p | Volume of air (v) Product, p ХУ 


Е- ы 
To deduce a simple law connecting these pressures and theif 
corresponding volumes, we must test each pair arithmetically 11 
the same way to obtain a result which is constant; The corre 
sponding values of pressure and volume are multiplied and the 
products entered in the third “column. These products 219 
sufficiently near for the small differences between them to be 
regarded as being due to experimental errors. f 
It is, therefore, reasonable to conclude that in the absence 9 
experimental error, the product, pressure x volume is constant. 


Boyle's Law 


The conclusion to the foregoing experiment was discovered 5 
1660 by Sir Robert Boyle. Our expression of it really takes t 
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form of a mathematical working rule or formula, py—K. Stated 
in words, the law reads : 

If the temperature and weight of a gas are kept constant, the 
volume occupied by the gas is inversely proportional to its pressure. 


Boyle's Law and the storage of gases 

When a large weight of gas is required for use at or about 
atmospheric pressure, it cannot be stored or conveyed at such a 
low pressure. It would take up too much space. The hydrogen 
Tequired for barrage balloons (Book II, p. 10) is conveyed, highly 
compressed in steel cylinders, and the balloons filled where they 
аге to be used. Oxygen for medical purposes is similarly com- 
pressed and conveyed to hospitals. A simple problem will 
illustrate the economy of this method of storage and transport. 

An oxygen cylinder contains 0-5 cu. ft. of gas at a pressure of 
120 atmospheres. What volume of gas will it yield at a pressure 


of 1 atmosphere 2 7 
The gas will change its volume in accordance with Boyle's Law. 

Value of pv at 120 atmos. pressure=120 x 0-560. 

Value of py at 1 atmos. pressure 1x». 

These products are equal. 7, v=60 cu. ft. 

In practice only 59:5 cu. ft. would be used. Why? 


Measurement of high pressures ' 
When it is necessary to measure a high pressure such as that 
ОҒ superheated steam: in а high-speed locomotive or of the 
compressed air in a cylinder, a special type 
ОҒ pressure gauge is used. This is the 
Bourdon gauge and its working depends 
Upon the tendency of a bent fiexible tube 
to straighten out when inflated. In the 
Bourdon gauge the tube tapers from the 
Open to the closed end (Fig. 117) 1 
ап elliptica] cross-section ; the open end 15 
Connected to the cylinder OT steam pipe 
and the closed end C is ere Fic. 117. 
ioa uD 2 ie ee S e UE tends to straighten, C rises 
S e Е An 
an ope pr around the fixed pivot R- This in turn 
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rotates the engaged pinion P to which is attached a pointer to 
record the appropriate pressure on the scale. 


Water pumps 


The syringe.—The 
syringe is the simplest of 
all pumps—a cylinder 
terminating ia a nozzle 
and operated by a well 
fitting piston. When the 
nozzle is placed in water 
(Fig. 118) the pressure of 
the air on the water, at 
C, in the syringe is the 
same as that, at A, out- 
side it. As the raising 
of the piston decreases 
the pressure of the air in 
the syringe, the atmospheric pressure 
on the water outside drives enough of 
it into the cylinder to keep the pressures 
at A and C, on the same level, equal 
(p. 152). 

When the syringe is removed, the 
pressure in the water at the bottom of 
the nozzle is just equalised by atmos- 
pheric pressure. Compressing the air 
in the syringe, by pushing the piston 
down, increases the former pressure, 
and the water is forced out. 

The lift pump raises water from a well 


Fia. 118. 


; a 
and delivers it a few feet above ground level. It consists of 


Pressure operations in everyday appliances | 

Amongst the many everyday appliances wbich 
depend upon the use of pressure or change 95 
pressure, we shall consider two principal groups : 
(1) Water pumps, (2) Air pumps. 


f 
long pipe, the lower end dipping into the well water, the upp | 
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n which a piston is operated by the 


P handle (Fig. 119). Near the top of the cylinder is the 
de from which the water is delivered. Attached to the base 
m" the cylinder is a valve V which, when closed, covers the top 

the pipe. The piston is also provided with a valve W which 


end capped by a cylinder i 


3 — — ро. 120. 
г water through the piston. Both 


upwards. Р 
P o increase the pressure 


Every u d 
stroke of the РЈ "n 
above it ad to decrease tl Sie conien 
сер the valve W closed an valve V open, an air pressure on 
the well water drives it up the pipe- Fach downstroke reverses 
€ pressure conditions, t us closing the valve V and opening 
2 to get water up to the 


Valve re necessary ; 
W. A few strokes 2 ce forces water below the piston in 


Piston ; then, each downstro 
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the cylinder through the valve W, and each succeeding upstroke 
lifts the transferred water and delivers it from the spout. 

During this delivery, the water column between the piston and 
the well is supported by atmospheric pressure on the well. Since 
the column of water which can be supported by the atmosphere 
is about 34 ft. high (cf. Ex. 4, p. 242), the height of the piston 
above the surface of the well water cannot exceed this figure. 


FiG. 121. 


In practice, owing to leakage through and around the piston» 
some of the supporting effect of air pressure is wasted ; for this 
reason the height of the piston above the well is usually limited 
to 30 ft. or rather less. 

The force pump draws water from a well and then forces it to 
a considerable height (Fig. 120, p. 167). It differs from the lift 
pump in certain important respects ; the piston is solid, and the 
upper valve W is placed in the delivery pipe which is connected 


1 


> 
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The valve W opens from the 


to the bottom of the cylinder. 
that the pressure in this pipe 


pander into the delivery pipe, SO 
ends to keep the valve closed. 

. The upstroke of the piston tends to reduce the pressure below 
it. This causes the valve V to open and water is raised from the 
Well by atmospheric pressure. The downstroke increases the 
pressure below the piston, thus closing the valve V. The valve 
W is then opened and wafer is forced from the cylinder through 
the delivery pipe. A few strokes are necessary first to raise the 


2 Atmosp^arto 
д (742 


Atmospheric 
pressure 
Fic. 123. 


у ро. 122. 
Water into the cylinder. The action as «ХР 
e of the piston. 


у on the downstrok ume (Fig 

eam is necessary, an ait 40 ; 

delivery pipe. О У пе downstroke, some of the water pushed 
pipe. On e and compresses the air in it ; 


Out 5 CENE 
of the cylinder oa ae ke, the supply is maintained by 


€ rest esca (0) 
pes. On 
e В оте. 
expulsion of water from the te drawn from the well is 


"ANA Night % ма Jito which it can be forced 
> 1 Я ity of the driving mec anism. 
“pends upon the strength and stability 


lained delivers water 
When a continuous 
121) is coupled to the 


is about 34 ft. high (cf. Ex. 4, p. 242), the height of the piston 
above the surface of the well water cannot exceed this figure. 


Бо. 121. 


In practice, owing to leakage through and around the pum 
Some of the supporting effect of air pressure is wasted ; for tht 
reason the height of the piston above the well is usually limite 
to 30 ft. or rather less. a un 
The force pump draws water from a well and then forces x ft 
a considerable height (Fig. 120, p. 167). It differs from the E 
pump in certain important respects ; the piston is solid, and a 
upper valve W is placed in the delivery pipe which is connec 


(ds 
SAMO Ма 


wi ~ 
m by atmospheric pressure. su» = 
ssure below the piston, thus closing the valve V. The vaive 


M is then opened and water is forced from the cylinder through 
ne delivery pipe. A few strokes are necessary first to raise the 


Atmosp arte 
153 


Atmospheric 
pressura 
Fic. 123. 


' Fic. 122. 
Jained delivers water 


he action as exp 
When а continuous 


sd into the cylinder. T і 

St y on the downstroke of the piston. ; 

Team is necessary, ап air dome (Fig. 121) is coupled to the 

delivery ; o ie downstroke, some of the water pushed 
~ and compresses the air in it ; 


ОШ of the суі the dome 
е cylinder enters upstroke, the supply i5 maintained by 


5 Test escapes. On the n dome 
expulsi m the dom’: 
pulsion of water fro y be drawn from the well is 


. The hei i ater mà : 

EE ee 
muted, d T riving mechanism. 
Dends upon the strength and stability of the g sm. 
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The siphon is a simple pump, working to transfer a liquid to a 
lower level. It is used chiefly to empty a vessel of water, when 
ordinary methods would be inconvenient or impracticable. For 

this purpose, a J-tube is filled with water and 
ПП inverted with its short limb in the water to be 
transferred (Fig. 122, p. 169). 

Since the pressure of the water in the siphon 
at D, on the same level as B, is equal to 
atmospheric pressure, the pressure must be 
greater than atmospheric at any point in the 
column between D and E. The upward pres- 
sure of the atmosphere on the water at E 1s 
insufficient to support this greater pressure of 
the water, which consequently flows out of the 
siphon. 

Siphons constructed to discharge water from 
a tank automatically at intervals are now 
widely used. The bend of the tube is com- 
pletely within the tank (Fig. 123, p. 169). As the 
water is slowly replenished after a discharge, it 
rises in the short fube of the siphon and 25 
soon as the bend is full the action of the sipho” 
empties the tank. 


Air pumps 
The compression pump.—A simple compres- 
sion pump, e.g. a football inflator (Fig. 124), 
consists of a barrel, a piston and piston rod, 
and two valves. The piston is a washer o 
leather W, well oiled to render it flexible 50 25 
to operate as a valve. This washer is wider 

FIG. 124. than the barrel and is curved inwards. 

second valve V controls the air in the receiver ^ 
On the compression stroke, the pressure in B is increase: 
When it exceeds the pressure in A, the valve V opens and a 
passes into A. The increased pressure in B keeps the curve 
piston, acting as its own valve, tightly pressed against the barre 
so that the air does not escape outwards. On the return strokes 
the pressure in B immediately decreases and the air in A closes 
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Ше valve V. When the pressure in B is just less than atmo- 
ye eric, air above the piston opens the valve W and enters B 
t the end of the stroke, the barrel contains air at atmosph' с; 
pressure. ит 
n ss the end of the compression stroke some compressed air 
ays remains between the piston and the valve V. When the 
vo in A has been made as great as the pressure of this air, 
oes not open and no more air can be pumped into the receiver. 


(с) 


(а) (b 
Fic. 125. 

: simplest form, t 
(Fig. 125a) is similar in design to the compression pump ; in'its 
Mode of action it differs i important respect—its valve 
Movements ate opposite 10 th А 
an A t stroke works the piston api 

owers the pressure in the barrel an 
Valve is open Pu which closed ? The return stroke leaves the 


Pressure in the receiver unchanged and restores the air remaining 
ic pressure. Which valve is now open 


In the > 

апа de be Rn ere js always а little air left in the 

arrel at the end of the retur? stroke, it-will be evident that 

*Vacuation of the receiver finishes When the pressure of this air 

Cannot be reduced. by the exhaust stroke, below the pressure of 
" 


he ats rs А 
air still in the receiver. 


d the receiver. Which 
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[British Museum Photo : Fleming- 


Fic. 126. 


„This was the type of pump invented by von Guericke to evacuate 
his copper globe. The illustration (Fig. 126) shows that it took two 
men to work this pump. In the last stages of evacuation, on the out- 
side of the piston there is a pressure of nearly 15 Ib. per sq. in. ; OP 
the inside there is hardly any pressure at all. If r in. ?s the radius of 
the piston, then the pull required in these circumstances would 
nearly 1577? lb., and this may be quite large enough to require the 
continued efforts of two men. Smeaton overcame the need to employ 
such a large pull on the piston by closing the top of the barrel with 2 
сар (Fig. 1256), fitted with a valve X which opens outwards. As the 
piston is pushed downwards the air pressure closes X and the resulting 
decrease of pressure above the piston relieves it from the thrust © 
the atmosphere on the succeeding exhaust stroke. In the Geryk 
pump, used in our early experiments on air pressure (Book 1, Chap. 14), 
the efficiency is further increased by providing layers of oil on the pisto” 
and cap to minimise leakage at the end of the exhaust stroke (Fig. 1250" 


CHAPTER 13 


SULPHUR. SULPHUR DIOXIDE. SULPHURIC 
ACID 


Sulphur A 

Several different kinds of the eleme: 
the only common varieties are roll sulp 
This element is found free in nature ; 
With metals in various sulphides, 
some of the most important 
pene iron pyrites, FeSs, zinc 
lende, ZnS, and galena, PbS. 


nt sulphur are known, but 
hur and flowers of sulphur. 
it also occurs combined 


The extraction of sulphur 

2 The bulk of the sulphur needed 
in commerce is obtained from 
natural deposits; most of the 
Mineral sulphides are used 25 
purces of the metals they con- 
ae Two methods aie employed 
П extracting sulphur. 54 

р (1) In the, older or Sicilian 
TOcess the native sulphur 15 
Quarried, then stacked into heaps Le roduced by per ae ЕЯ 
in specia] kilns which have E Fic. 127. 


көріп floor. The sides of these 
epe t; the top | 
Consists of Pibbish from previous extraction, ENS d 
^ = is admitted and the sulphur ee the joue oF te eapi 

urnt, giving out heat W ch ca Map acd 
away fro i “ac in the minera! 
Ti off from abe bottom of the kiln and further purified by 

m 


distillation, 
173 
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(2) In the Frasch process, used in America, three а 
pipes are sunk into the sulphur bed (Fig. 127). Superhea b 
water, which melts the sulphur, is passed down the space b 
the two outer pipes, while compressed air, pumped down t 
centre pipe, forces a mixture of molten sulphur and water Ы; 
through the space between the two inner tubes. This Bei $ 
collected іп vats and the sulphur is separated when it has solidified. 
No further purification is needed in this process. 


Roll sulphur 


This kind of sulphur is obtained by casting liquid sulphur into 
sticks. It is a brittle, yellow solid, which is insoluble in water, 
but soluble in carbon disulphide. If a solution of sulphur E 
this liquid is allowed to evaporate slowly octahedral crystals аг 
deposited. Roll sulphur is generally called rhombic sulphur. с 

When roll sulphur is heated carefully, it melts at 115 3 
giving a mobile, amber-coloured liquid. On raising the tempera 
ture, the liquid darkens to a chestnut colour and it becomes 53 i 
viscous that the tube containing it can be kept inverted for Vu 
time. At higher temperatures the liquid becomes very даг 
brown and less viscous ; finally it boils at about 440? C. ens 
a reddish-brown vapour. On cooling, the liquid passes throug 
these remarkable changes in the reverse order. "E. 

Sulphur is a bad conductor of heat and electricity ; it 1$ 
Sometimes used as an insulator. 
Flowers of sulphur 

This fine, yellow powder is obtained by cooling sulphur vapour 
quickly. Flowers of sulphur is a mixture of two kinds 55 
sulphur; one is soluble in carbon disulphide, the other insolub 
in this liquid. The soluble part consists of rhombic sulphut 
the insoluble part is amorphous (non-crystalline) sulphur. 


The chemical properties of sulphur 7 
Sulphur is а non-metal and it does not react with dilute acis 
It burns feebly in air, more vigorously in oxygen, with a ра 
blue flame, giving sulphur dioxide. nO 
Many metals combine readily with sulphur. If an intima 
mixture of two parts by weight of finely divided iron filings ап 
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one part of powdered sulphur is put into а hard-gl 

D -glass test-tube 
and the tube is heated at the bottom, a red glow i а 
out the mass. Тһе product is ferrous sulphide : 8 

Бе--5-> Fes. ` 
This solid readily dissolves in dilute h ic aci 
his s ydrochloric acid, 

with the odour of rotten eggs being evolved ; this gas, ао 
sulphide, is present іп the atmosphere in small quantities and 
causes silver objects to tarnish. 1f you carry à silver coin with 


an india-rubber in the same pocket, you will find that the coin 
becomes black. This is the result of the combination of sulphur 


from the rubber (below) and silver in the coin to give silver 


sulphide. 


The uses of sulphur 
About 2 million tons of sulphur are extracted annually ; 
among its various uses are the following : , 
(1) As a medicine, it is taken internally in 
or applied as an ointment in the ігеаіте 


diseases. 
t diseases, €.g. а fungus which 


2 certain plan 
тер Aid on to the plant as a fine powder. 


attacks the vine ; itis n te ) 
(3) In the manufacture of friction matches, sulphur is made 
into phosphorus sulphide ; this is the combustible compound 


the form of tablets, 
nt of certain skin 


in th match. | i 
bg gunpowder ; this mixture contains about 

10 Iphur. | у PE 
9 pardo of sulphur dioxide and its derivatives 


(р. 176). e Р 
isati f rubber, a process which causes 
дуа ат 5 де rope of temperature, 


rubbe in its flexibility over a Wi ) 
Oe eee us ground ER two heavy horizonton d 
which almost touch and rotate in opposite directions at di a 
speeds. The rubber forms a sheet on the slower roller. | I is 
cut off, reground and sulphur with other filling m s is 
worked into it. Vulcanisation is effected, after a ја pus 
process, by heating to à temperature of about 140° C. А ворів 
time. Thus, in the case of a motor tyre, the heating 


while the tread is being put оп the tyre in а metal mould. 
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Vulcanisation of rubber using about 40 per cent. of sulphur 
produces ebonite, а hard, black substance which is a good 
insulator ; it was formerly much used as a plastic, e.g. for making 
fountain pens. 


The preparation of sulphur dioxide, SO; 
' Samples of this gas are prepared by the following simple 
methods : 

(1) Jars of oxygen (from a cylinder) are collected by displacing 
air upwards, then burning sulphur in a deflagrating spoon 15 
lowered into each jar till the bright pale blue flame disappears. 


Oxygen 


Ко. 128. 


(2) A slow stream of oxygen is passed through a hard-glass 
tube containing some powdered iron pycites. On heating the 
tube, the solid burns brightly and the gas is collected as indicate 
in Fig. 128. Тһе reaction is: ” 


4FeSs--110;— 2Fe;O3---8SO;. 

This method is employed in making sulphur dioxide on ? 
large scale; various sulphides are used while air is substitute 
for oxygen. The resulting gas is mixed with nitrogen and oxyge™ 
but in most large scale operations for which sulphur dioxide 15 
Tequired, it is not necessary to isolate the pure gas. 


The properties of sulphur dioxide 


\ Sulphur dioxide is a colourless gas which has a choking smell 5 
it is poisonous. The gas is fairly easily condensed to a colourles 
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liquid by passing it through a U-tube cooled in a freezing mixtur 
of ice and salt. To illustrate the following properties d fib eas, 
jars are preferably filled from a “siphon” in which liquid 
sulphur dioxide is stored under pressure. 

When a jar of sulphur dioxide is opened under water, the 
latter rises steadily in the jar, showing that the gas is quite soluble. 
The solution is acid to litmus. 

Sulphur dioxide is much denser than air. It does not burn 
and a lighted taper is extinguished in the gas. Sulphur dioxide, 
however, combines with oxygen to form the trioxide under 


special conditions (p. 178). 
If red rose or peony petals (or a filter paper soaked in rosaniline 
acetate solution) are allowed to stand in a jar of the gas, the 
petals are bleached. When the bleached petals are exposed to 
the air for some time, the colour returns, showing that the 
bleaching is not permanent. 3 

Sulphur dioxide only bleaches in the presence of water; in 
bleaching possibly the 45 first reacts with water thus: 
50,+2Н (nascent). 


21,0 +502 Hs 
The nascent w-born) hydrogen then reacts with the colouring 
ous ) D проша. The return of the colour 


matter to give а colourle à ) ( 
sing this reaction. 


in air is probably due to oxygen rever 


Sulphurous acid, Н:5Оз 
This acid is only known in solution ; 
sulphur djoxide into water when the gas com 
of the water : 
H,0-4- 5027 HSO». 
The salts of this acid d sulphites. Both acid (or bisul- 
phites) ábd eM sulphites can x made, е зор 877 
Sulphi ог al sodiu Аа ЕВ 
pite, Nase rg substance of commercial importance ; 
it is made b air sulphur dioxide 1115 vum Шы (а suspens 
sion of slaked lime in water) till the liquid smets 9 HC 
са(он) 28097 Ca(HSO9»- 
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The uses of sulphur dioxide . 

(1) Liquid sulphur dioxide is used as a refrigerating agent in 
the same way as liquid ammonia. (Book II, p. 14.) 

(2) Since the gas is poisonous, it is sometimes used аза 
germicide, e.g. in disinfecting a room in which a patient has had 
scarlet fever. Я 

(3) Although sulphur dioxide is not such a powerful bleaching 
agent as chlorine, it does not rot the materials to be bleached. 
It is therefore used to bleach straw, wool and silk. The yellow- 
ness of old straw hats and woollen blankets is due to oxygen 1n 
the air reversing the bleaching process (p. 177). 2 

(4) Calcium bisulphite is used extensively in making chemical 
wood pulp for the manufacture of paper and artificial silk. 
After removing the bark, the wood is chopped into small 
pieces and digested with calcium bisulphite solution. This 
substance. dissolves the resinous substances which bind the wood 
fibres. The liquid is next run off from the wood fibres, which 
are then macerated, and the resulting suspension of fibres In 
water is run on to a travelling wire-cloth belt. By means ofa 
pump, the water is “ sucked” through the belt leaving a sheet 
of wood pulp which is dried by passing through hot rollers. 


(5) The chief use of sulphur dioxide is in the manufacture of 
sulphuric acid. 


The preparation of sulphuric acid, H.SO, 


Sulphuric acid is prepared by first making sulphur trioxide, 
50; ; this readily combines with water to produce the acid. 
Sulphur trioxide is obtained by passing dry sulphur dioxide 
mixed with oxygen through dry platinised asbestos heated 10 
about 450° C. Тһе finely divided platinum coating the asbestos 
acts as a catalyst in the following reaction : 


250, +0;—2808. 

The apparatus required (Fig. 129) is erected in a fume cupboard. 
Sulphur dioxide is obtained from а “ siphon ” and oxygen from 
à cylinder. The gases are bubbled slowly at about the same 
Tate through tube A, which contains concentrated sulphuric 
acid, and the platinised asbestos is heated to a low red heat 
Sulphur trioxide is obtained in tube B, which is cooled in 4 
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a white solid. Uncondensed sulphur trioxide 
passing from the exit tube gives dense white fumes in the damp 
air. To examine the solid in B, the tube must be corked imme- 


diately it is disconnected from the rest of the apparatus. 
To obtain sulphuric acid, water is added very carefully drop 

by drop to the trioxide. А violent reaction occurs with much : 
fuming as the trioxide combines with the water : 
5О5--НгО--Н:50.. 
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from the bottom of the tower to keep the concentration at 
98 per cent. 


The properties of sulphuric acid 


Concentrated sulphuric acid is a colourless, oily liquid ; it is 
still often called oil of vitriol. It has no odour and does not 
fume. When exposed to the air, this acid readily takes up 
moisture, so that it is used for drying gases with which it does 
not react. 

Sulphuric acid is much denser (sp. gr. 1-84) than water with 
which it mixes in all proportions, a good deal of heat being 
evolved in the process. In diluting sulphuric acid, the acid must 
be added to water, a little at a time, with constant stirring. If 
water is added to the acid, the water tends to float, and so much 
heat may be given out where the liquids meet that the water boils 
and shoots out of the containing vessel, bringing some acid 
with it. 

Concentrated sulphuric acid rapidly attacks the skin and 
clothing, so that it must be handled with care. 

If a drop of the acid is heated in a dish, it gives thick, white, 
choking fumes of sulphur trioxide. 

When cold, concentrated sulphuric acid does not react with 
metals, but it attacks most metals when it is hot. Thus, when 
copper is heated with the concentrated acid a vigorous reaction 
takes place; sulphur dioxide is given off and a black solid, 
cuprous sulphide, is an obvious product. Copper sulphate, t00; 
is produced in the reaction which is generally represented thus : 


Cu+2H2SO,.+ CuSO, 4-SO; --2H0. 


Concentrated sulphuric acid removes the elements of water 
from certain substances; it is a dehydrating agent. Thus, 
addition of the concentrated acid to a syrup of cane sugar 
produces violent frothing, a black mass of sugar carbon remains. 


C35H550;4 — 11H50 12C. 


The action of sulphuric acid on paper, wood and flesh is of this 


type. Similarly, on warming blue copper sulphate, CuSO,.5H»O» 
bM concentrated acid, white copper sulphate, Си5бО 18 
obtained. 
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CuO + 250 


(3) Ву neutralising dilute sulphuric ас 


e.g. caustic soda : 
2NaOH 4-Нә50;> Ма:50,--2Н:0. sds) 
(4) By dissolving 4 metallic carbonate in dilute sulphuric acid. 
Thus, the reaction with zinc carbonate 15: 

ZnCO: + H,S0,-» Z05041 +H20 CO». 
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add a little more acid till a clear blue solution is obtained. Proceed 
as in Expt. 1. Blue crystals of copper sulphate are deposited. 


Expt. 3.— Preparation of sodium sulphate, Na,SO4.10H,O. "m 

Take roughly 20 c.c. of caustic soda (sodium hydroxide) — 
a beaker. Add dilute sulphuric acid gradually to this and stir wit 4 
glass rod. After each addition, remove a drop of liquid with the TO! 
on to a small piece of blue litmus paper. Continue till the litmus 
iust becomes red. Concentrate the resulting solution and leave it to 
crystallise. Sodium sulphate crystals are colourless. 


Ехрт. 4.—Preparation of zinc sulphate, ZnSO,.7H,O. 

Weigh roughly 6 grm. of zinc carbonate and add, little by little, to 
50 c.c. warm dilute sulphuric acid in a beaker. Continue till the 
solid no longer dissolves and there is no further evolution of carbon 
dioxide. Clear the liquid by adding a little more acid, then concen- 
trate and crystallise. Zinc sulphate crystals are colourless. 


ЕХРТ. 5.—Preparation of calcium sulphate, Сао „26,0. 
Make a fairly concentrated solution of calcium chloride in a test- 


tube. Add dilute sulphuric acid to it and shake. A white precipitate 
of calcium sulphate is obtained. 


The uses of sulphuric acid 


This acid is manufactured on a considerable scale, and the 
following are some of its more important uses : 
(1) In the manufacture of calciu 


m superphosphate and 
ammonium sulphate, 


both of which are “important artificial 
manures, Calcium superphosphate is a mixture of calcium 
hydrogen phosphate and calcium sulphate; it is made by 
treating calcium phosphate with sulphuric acid : 
Cas(PO,)2+2H2SO,-> Са(Н,РО,):--2СаЅ0,. 

Superphosphate is much more soluble in water than ordinary 
calcium phosphate (bone ash) and is therefore a quick-acting 
manure. 

Ammonium sulphate is made on a large scale, but only а 


certain proportion is now produced by neutralising sulphuric 
acid with a solution of ammonia. 


(2) In refining oils. The oils employed to lubricate the 
engines of motor cars are agitated with concentrated sulphuric 
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acid. The acid removes certain substances which tend to 

produce a sludge in the lubricating system of an engine. 
(3) In manufacturing nitric acid from sodium nitrate, and 
sodium sulphate is an important. 


hydrochloric acid from salt ; 


by-product used in manufacturing glass. 
for cars, electric lighting sets, wireless 


(4) In accumulators 
sets, etc. 

(5) In making glucose from starch (p. 14) for the manufacture 
of sweets and confectionery. 

(6) For “ pickling ” iron, i.e. dissolving off the rust, previous 
to galvanising with zinc or plating with tin. 

(7) In the manufacture of explosives and substances required 


in making dyes (p. 58). 


CHAPTER 14 


SALT. HYDROCHLORIC ACID. CHLORINE. 
CAUSTIC SODA 


Common salt (sodium chloride), NaCl 


Ordinary salt is present in sea-water to the extent of about 
24 per cent., and it has been estimated that from the salt dissolved 
in the sea all the mountain ranges in the world could be built up- 

Salt mixed with variable quantities of earthy matter is found 
in layers or beds within the earth’s crust in several countries. 
In England there are deposits of rock salt which are as much as 


500 ft. thick. Some of the most extensive deposits are found in 
Poland. 


The extraction of salt 


Salt is obtained (1) from sea-water, (2) by mining rock salt, 
and chiefly (3) by flooding the salt-bed with water and pumping 
up the resulting brine. 

The production of salt from sea-water is carried out where the 
heat of the sun and drying winds, e.g. in North Africa, can be 
used to evaporate the water, 

To extract salt from rock salt, the latter is mixed with water 10 
obtain a salt solution together with suspended impurities. The 
latter are removed by filtration, then the salt is isolated vy 
evaporating the brine. Rapid evaporation under reduced 
pressure gives fine table salt; slow evaporation in open pans 
yields coarse salt suitable for packing fish. 


The uses of salt 


Over 20 million tons of salt ate extracted each year in тапор 
parts of the world, so that salt is obviously a substance of vas 
importance. We are all familiar with the use, of salt in seasoning 
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food, for curing ham and bacon, and for preserving fish and 


sometimes meat. 
Salt is the substance from which large quantities of washing 


soda and caustic soda are made, and it is also the source of 
chlorine and hydrochloric acid. 
The preparation of hydrogen chloride, НСІ 


To obtain this gas, the apparatus shown in Fig. 130 is set up. 
The bottom of the flask is covered with lumps of rock salt (or 


ric acid is allowed to 
The gas is given off at 


n concentrated sulphu 


he tap-funnel. 
ask have become wet with acid, 


еп 1 id evolution of the gas. 
ca E ae is collected by displacing air upwards. 


“ fused ” salt), Ше 
drop on to the salt from t 
once, and, when the sides of the fl 
ces a more rap! 


Hyd hlorid 5 
White poet SIUE from the mouth of the jar show that the 


jarisfullofgas. The reaction is : ( 

қаСі--Нз50ғ” NaHSO,-4-HCl. 

The properties of hydrogen chloride 

. Hydrogen chloride is a colourless 
air; it has a choking smell. 


gas, which fumes in damp 


o 
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* If a dry flask is filled with hydrogen chloride, then closed 


with a rubber stopper fitted with a tube drawn out to a jet 
(Fig. 131), on plunging the flask into a jar of neutral litmus 
solution a fountain is formed within the flask and tlie litmus 
becomes red. This experiment shows that hydrogen chloride 15 
very soluble in water and that the solution is acid—hydrochloric 
acid. " 
Hydrogen chloride is denser than air; it does not burn Of 
support ordinary combustion. 3 
If a jar of hydrogen chloride is brought mouth to mouth with 


Fic. 131. Fic. 132. 


a jar of ammonia, the two gases combine giving a dense white 
ERROR This, on standing, settles as a white solid—ammonium 
chloride : Р 


МНз+НСІ-+ NH,CI. 


The preparation of concentrated hydrochloric acid 


This acid is a saturated solution of hydrogen chloride 3? 
water, „As the gas is very soluble in water, and concentrate 
sulphuric acid is used in its preparation, it is essential to avo! 
. sucking back " as the gas is dissolving. The simple apparatus 
in Fig. 132 consists of a funnel, i.e. a wide delivery tube, which 
just fits into a beaker, and the rim of the funnel just dips below 
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With this arrangement it is possible 
a little way inside the funnel before the 
thus admitting air. 


the surface of the water. 
for the liquid to rise only 
outside liquid-level falls to the rim, 


The properties of concentrated hydrochloric acid 
Concentrated hydrochloric acid is a colourless liquid which 

fumes especially when the air contains much water vapour. 

The fuming is due to the loss of hydrogen chloride. This acid 


is a little denser than water. 

Most of the reactions of concentrated hydrochloric acid are 
like those of the dilute acid, except that they are more vigorous. 
The interaction of the acid with metals, basic oxides, alkalies, 
and carbonates is dealt with in the following section. 

The concentrated acid, unlike the dilute acid, reacts with 


peroxides, e.g. manganese dioxide, producing the gas chlorine. 


The preparation of metallic chlorides 
The salts derived from hydrochloric acid, i.e. the chlorides, 
are made by methods like those used to. obtain sulphates (p. 181). 
(1) By dissolving а metal, e.g. 2110 ог iron (not copper), in 
hydrochloric acid. Тһе reaction with zinc 15 : 
Zn-:2HCl^ ZnCls-FH- 
i i i llic) oxide, e.g. соррег oxide, 
Ure EUR P Саласы) соррег Saito 5 В 


іп hydrochloric acid. 
CuO 42HCl> CuCl,+H20- 


(3) By neutralising hydrochloric acid with an alkali; e.g caustic 
soda reacts thus : 
+H,0. 


NaOH+HCl> NaCl 
te in hydrochloric acid ; 


(4) By dissolving а metallic carbona 
e.g. copper carbonate reacts thus : 

Cerco, зна CuCl-FHiO 3 CO 

Silver chloride is insoluble in Water and de ai ae E 

that it is obtained as a white curdy precipita 4 E 

of silver nitrate is added 10 hydrochloric act or a solution o 


any chloride : 
i AgNOs „на AgCI--HNOs. 


i 


188 ELEMENTARY GENERAL SCIENCE 


Exper. 1.—Preparation of zinc chloride, ZnCl;. 

Weigh roughly 3 grm. of granulated zinc and warm with 50 c.c. 
dilute hydrochloric acid in a beaker. When as much zinc as possible 
has dissolved, i.e. no more hydrogen is being evolved, filter the liquid 


and evaporate the filtrate just to dryness in a dish. Zinc chloride is a 
white solid. 


Ехрт. 2.—Preparation of copper chloride, CuCls. 

Weigh roughly 2 grm. of black copper oxide and warm with 30 с.с. 
dilute hydrochloric acid in a beaker. If the oxide does not all dissolve, 
add a little more acid till a clear green solution is obtained. Evaporate 
this solution to dryness in a dish. The product, anhydrous copper 


chloride, is brown; on adding a drop or two of water it becomes 
green, CuCl,.2H,O. 


Expt. 3.—Preparation of silver chloride, AgCI. 

Add dilute hydrochloric acid to silver nitrate solution in a test- 
tube. Close the tube and shake. Let the curdy precipitate settle 
and pour off the bulk of the liquid. Transfer the silver chloride to а 
piece of filter paper and expose to sunlight if possible. Notice that 
the white silver.chloride becomes mauve and even purple if the light 
is bright. 

Prepare another sample of silver chloride in a test-tube as above 
and then shake it with a solution of “ hypo " (sodium thiosulphate)- 
Note that the silver chloride dissolves in this solution. 


The simple chemistry of photography 


If a solution of potassium bromide, KBr, :5 added to a solution 
of silver nitrate, a pale yellow precipitate of silver bromide» 
AgBr, is obtained. This silver bromide, like silver chloride, 
undergoes „а change when it is exposed to light, and it is the 
action of light on these silver salts which is the basis of phot 
graphy. 

For photographic purposes it is essential to prepare the silver 
bromide or chloride in the form of a very fine suspension. This 
is done by mixing hot solutions of potassium bromide or chloride 
and silver nitrate which contain gelatine. This suspension 15 
prepared in red light, which does not affect the silver salt. The 
bromide Suspension is then used for coating glass plates Of 
celluloid films for making negatives, while specially prepared 
paper for printing positives by artificial light is coated with ? 
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suspension of silver bromide or chloride, or a mixture of the 
two. The preparation of films and sensitised paper has, of 
course, to be done in red light, and they must be packed in such 
a way that no white light can reach the silver salt. 

In preparing a negative, the film is fixed in the camera and the 
position of the lens is adjusted so that a sharp image of the 
object to be photographed falls on the film. In taking a snap- 
shot the shutter is opened for, say, d second, and during this 
brief exposure light reaching the film affects the silver bromide, 
the extent of the change depending upon the intensity of the 
light. Examination of the film in red light does not reveal any 
obvious change. After exposing the film, it is subjected to the 
action of a solution containing 4 mixture of chemicals in the 
process called developing. The developer changes silver bromide 
which has been affected by light into metallic silver, but it does 
not affect unchanged silver bromide. The result of developing 
is that parts of the film upon which light fell become dark, the 
darkness depending upon the intensity of the light. 

After washing the film, the next step is to remove unchanged 
Silver bromide ; this process is called fixing. The film is treated 
with a solution of sodium thiosulphate (hypo) in which silver 


bromi i ically. Durin developing and fixing, 
_ bromide dissolves сћетіса У Реал the film is washed and 


oni i be used. i hed 4 
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dried, the result being а nega?" 
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Ап exposure of a few seconds at à short distance from m 
light is all that is necessary: The time of the E s 
upon the candle-power of the lamp, the dian d o e 
density of the negative and the type of pue ааа P i 
Саше cr Bien Ms 5 x Mode till satis- 
fae particular lamp and My vary the time of exp 

actory prints are obtained. у 
P matar oe qeu ОЕ 
ag se еді a developer, silver salt affected by 


printing by arti 
light or in ascreened 


190 ELEMENTARY GENERAL SCIENCE 


fight is reduced to silver, then the paper is removed to a fixing 
bath, so that the “ hypo " solution will dissolve unchanged silver 
salt. Developing takes about 30 seconds, fixing about 10 minutes. 
Finally, the paper is washed in running water for about an hour. 
In making the positive, little light passes through dark parts of 
the negative and vice versa, so that the print is the reverse о 
the negative and resembles the object in shading. , 
Photography is of great importance in everyday life. It 15 
used for making some hundreds of thousands of miles of cinema 
film each year, and is specially useful in the study of astronomy» 


in surveying from the air, in printing processes, in surgery, an 
in the detection of criminals. 


The preparation of chlorine 


To prepare this gas the apparatus shown in Fig. 130 is erected 
in a fume cupboard. About 10 grm. of manganese dioxide are 
put into the flask and some concentrated hydrochloric acid tu? 
in from the tap-funnel. Little action takes place. The liquid 15 
run round the flask till the sides are wet, then the flask is warme¢- 
Chlorine is given off and collected by displacing air upwa" iP 
The colour of the gas shows when th 
for this reaction is : 


МпОз+4НСІ+ Ма С, 4-Cl,4-2H30. 
The properties of chlorine 


Chlorine is a greenish-yellow ро king 
qe gas. It is poisonous, attac 
the lining of nose, throat and lungs, so вы it is advisable 19 
smell the gas with caution. The odour reminds sorie реор/% 
decaying sea-weed, others of bleaching powder. t 
When chlorine is bubbled through water, it is found 10 ur 
fairly soluble, and the solution, chlorine water, has much 
same colour as the gas, à 
Chlorine is much denser th i in ait 
h an air. It does not burn 10 
but a lighted taper or candle continues to burn in it with 2 di 
smoky flame. E 


If a jar of chlorine is mixed with a; in diffused 
у : th a in di 
daylight, little happens unless the А mE together for 
а long time. In sunlight, the gases combine explosively; n 


e jars are full. The equatióD | 
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ignition of the mixed gases by means of a taper is explosive ; 
the product is hydrogen chloride: 
Ho+Clo>2HCI. 

Chlorine combines with many metals, and if a piece of iron 
wire or thin copper foil is heated, then quickly lowered into a 
jar of the gas, the metal becomes red-hot as the two elements 
combine to form the metallic chloride. Iron gives ferric chloride, 
FeCl, ; copper usually forms brown copper chloride, СиСђ. 

Damp chlorine readily bleaches litmus paper, grass, ordinary 
ink but not printer’s ink (carbon), i.e. the colour disappears and 
the paper or grass becomes almost white. The chlorine probably 
reacts with water to give hydrochloric and hypochlorous acids 


(HCIO) thus : 
Cl,--H;O- HCI--HCIO. 
The hypochlorous acid readily loses its oxygen which is 


responsible for the bleaching. à : 

If a jar of chlorine is opened under caustic soda solution, the 
Баз dissolves readily. The reaction which takes place depends 
chiefly upon the temperature. If the caustic soda is cold, the 
products are sodium chloride and sodium hypochlorite, NaOCl ; 
this substance is the active agent in the disinfectant Б Milton." 
If the caustic soda is hot, chlorine reacts to form sodium chloride 
ànd sodium chlorate, NaClO3. Тһе latter substance 15 made on 
a large scale; it is used as a weed-killer for application to 
garden paths, and for conversion into potassium chlorate, 
као :ch is used extensively in f 

арт А is pass dinary dry slaked lime, the 
Substances réact and the cs EU га 
powder or incorrectly “ chlori е of lime.” — 

Chlorine in quantity is easily detected by propre Rede 


but traces of the gas readily liberate brown i ў гріє 
of filter paper ich has been dipped in potassium iodide 


Solution : 
Б ок с 20611. 
pe aes free from disease germs is 
: ting water free I 
DD oe Se Ет» towns the water is treated 


essential for good health ; 
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with very small quantities of chlorine gas. One part of chlorine 
in a million of water is sufficient to kill dangerous germs in а 
few minutes. " 

The water in modern swimming-baths is also sterilised by 
means of chlorine. The water is circulating continuously an 
is filtered, treated with chlorine, refiltered and warmed before it 
enters the bath again. In this way the water is kept clean, the 
risk of spreading disease is considerably reduced, and little 
water is wasted. : А 

(2) Much chlorine is used in making bleaching powder witb 


which cotton goods аге bleached. The fabric to be bleached ig! 


first soaked in a dilute suspension of bleaching powder in water. 
Then it is dipped in a bath of dilute hydrochloric acid and it 15 
at this stage that bleaching takes place. These operations сап 
be easily followed by using litmus paper. Finally, the fabric 18 
treated with a solution of an antichlor, i.e, a substance which 
takes up excess chlorine, after which it is washed. í 

(3) Chlorine is also used in the preparation of a number 9 
chemical compounds which are employed in making ayes 
flavours, etc. Carbon tetrachloride, CCl, which is abou 
92 per cent. chlorine is a colourless liquid ; it is used as е 
solvent and in fire-extinguishers 0 
cars because it gives a dense ow 
Chloroform, CHCl, also contains 3 
high percentage of chlorine and it is 2 
important anesthetic. 


The electrolysis of salt solution "t 

The effect of passing a direct сана 
of electricity through a solution. 
common saít is illustrated. simply m 
setting up the apparatus shown пе 
Fig. 133. А solution of salt is та de 
a few drops of phenolphthalein $0: 
tion added to it, then the mixtures 
poured into the U-tube. The сат 
electrodes are fixed in position do a 
mpere is passed through the 907 an 
at one electrode, which shows (Ва 


Fic, 133, 


current of about 0:5 a 
The liquid becomes red 
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alkali is being formed ; the alkali is caustic soda. At the other 
pole a gas is evolved which liberates iodine from a potassium 
lodide paper ; the gas is chlorine. 

By using a special kind of cell in which the two electrodes are 
separated by a porous partition, the electrolysis of salt solution 
is used to manufacture both caustic soda and chlorine. 


The properties of caustic soda (sodium hydroxide) 

This substance is a white solid which readily becomes wet on 
exposure to the air; it takes up moisture from the air. Caustic 
soda is very soluble in water and during solution heat is evolved. 
Even dilute solutions of caustic soda feel slimy because the 
substance attacks the skin. Red litmus solution becomes blue 
when caustic soda is added to it. When acids are neutralised 
by the addition of caustic soda, the corresponding sodium salts 


are formed. қ f - 

Solutions of caustic soda if left in contact with paint or 
Varnish attack these substances. Caustic soda is made on a 
large scale chiefly for making soap. 


Ехвт. 4.— Preparation of soap. 

Pour 10 c.c. methylated spirits into à boiling-tube and add 3 c.c. 
Water. Next add 1 grm. solid caustic soda ana "n i Se тај ma 
i id di is alcoholic solution of cau: 
till the solid dissolves. Warm this alco! lution орла 


in a-beaker of hot water and add, in small ро! 


i i Finall 
Afte. iti fat stir well with the glass rod. ly, 
qe bling t wert water for a few minutes. The fat 


leave the boiling-tube 1n y minutes. 

wl reac wi he case soda and ат Бона аце hall 
1 

Next pour,a few drops of the brown solu io are dd 


full of water and shake. A good lather will be obtain 
remainder of the brown solution into а saturated solution of salt. A 
this is soap. 


Whitish curdy substance separates ; 


Soap ! 
salts of complex organic acids. E 
f caustic soda on various anima) ani 
low, hardened whale oil, pim oil 
h takes place is summarised thus : 


+-Glycerine. 


Hard soaps are sodium 
are made by the action o 
Vegetable fats and oils, e.g. tal 
OF olive oil, The reaction whic 

7 Fat-+-Caustic soda Soap 
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In manufacturing soap, the oils and fats are heated, then 
blended according to the quality of soap which is to be made. 
The hot oil is run into a large square pan which contains per- 
forated steam pipes. Steam is blown into the oil, then caustic 
soda solution is added. The steam heats and stirs the mixture, 
and the alkali reacts with the fat as indicated above. Salt is 
shovelled into the pan, and, on standing, the soap separates on 


[Photo : Lever Brothers. f. 4d. 
БОАР BOILING. 


top. The glycerine and salt solution is run off from the bottom 
of the pan. d 

Soap at this stage looks rather like treacle. It is often тихе 
with perfume and colouring matter, then run into large rect- 
angular steel boxes till it sets solid. The sides of the boxes are 
then removed and the blocks of soap are cut first into slabs, 
then into bars. This type of soap is used for general washing 

-and cleaning purposes. 

Toilet soap is made from a blend of good fats or oils. After 

making the soap, as indicated above, it is cut into shaving? 
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dried, mixed with colouring matter and perfume, and forced 
through a machine which gives a stick of soap. This stick is 
cut into convenient pieces which are stamped into tablets. 


> The function of soap in washing 


th the substances dissolved in tap water pro- 
It then dissolves in the water, and the soap 
solution is able to wet a surface better than water. The soap 
solution also causes oily or fatty matter on the skin to form an 
emulsion, i.e. a suspension of tiny droplets. When this emulsion 
is swilled off, the surface of the skin is left clean. 


Soap reacts wi 
ducing a scum. 


Dept. of Extension 22 
(ө) 
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CHAPTER 15 
SOME IMPORTANT METALS AND THEIR USES 


In Book I, p. 127, we learnt that the chemical elements can be 
divided into two main groups, viz. metals and non-metals. 
Most metals can be recognised by their physical properties, 
e.g. they are lustrous, have a high density, are good conductors 
of heat and electricity, and they are malleable and ductile. А 
better classification is based on their chemical properties ; thus 
à metal is an element which (1) has a basic oxide, i.e. an oxide 
which reacts with acids to form salts and water, (2) has а 
chloride which does not react with water, and (3) usually reacts 
with dilute acids, replacing the hydrogen of the acid to form a 
salt. 3 

We are all familiar with the common metals iron, zinc, copper, 
lead, aluminium and tin, and have some acquaintance with 
valuable. metals like gold, platinum and silver. But there are 
several other metals which are of great importance, e.g. chromium, 
tungsten, nickel, manganese. 4 

Man has been in existence for several hundred thousand years, 
but for most of this time he lived in a primitive manner. E 
knew how to make tools and weapons, but originclly he КЕ 
wood, bone, flints and stone for this purpose. Not many metals 
occur free in nature ; copper is such a metal, but alone it is d 
soft for making tools. Eventually, man learnt how to make an 
use fire. With the help of fire, he found how to obtain tin from 
its oxide, which occurs naturally, and he discovered how to make 
an alloy of copper and tin, viz. bronze. This discovery gave man 
а substance from which he could make better tools and weapons. 
Then man learnt how to obtain iron, and this metal displaced 
bronze. Nowadays, iron is produced to the extent of some 
80 million tons a year, chiefly for conversion into steel. 
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armour plates for ships. 
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Iron 
The extraction of pig or cast-iron was dealt with in Book II, 
р. 184. This kind of iron is rather impure and contains 3-4 per 
cent. of carbon ; it is brittle and cannot be forged, and it will 
not stand strain or shock. Cast iron is used for making pipes, 
railings, stoves, the metal parts of desks, bedsteads, etc., but the 
bulk of it is converted into steel. 


Steel 

Steel is a mixture of iron with a compound of iron and carbon 
(iron carbide), the carbon content varying up to 1:5 per cent. 
Different processes are employed 
for making steel; in the Bes- 
semer process, molten pig-iron is 
run into the converter (Fig. 134), 
tilted on its side, then air is 
blown through holes at the 
bottom of the converter while it 
is in the upright position. The 
air burns away most of the 
carbon and oxidises other im- 
purities which are then taken up ELTE 
by the substance lining tier eon Е 
verter. dding alloys of iron к 
with ad like па manganese, etc., special steels are mane 

Stainless steel contains about 13 per cent. of chromium ; 1 1 
uses аге well known. A steel containing 2:54 per ШЕШЕ i 
chromium js very hard; it is used for making burglar-proo 


safes and railway couplings. MU 
- i i e very tough ; they are mace шч 
Cen DCN EE. tungsten steels retain Bag 
i wi 

hardness at high temperatures ; they are рео РЕШЕ p n 
castings in engineering shops. А steel containing. ЈЕ x 
vf manganese is very hard and a i is u: 

points and crossings, and for wagon-buffers. 


летті 


(URS 


I 


егей in Book П, p. 186. 


Zinc 2% 
і і consi 1 
The extraction of this metal m сазнашеб he ion to y 


A good deal of zinc is used for 6 
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galvanised is first freed from rust by cleaning with an acid ; it is 
next dipped in a flux, e.g. ammonium chloride solution, then 
immersed in molten zinc. In this way the iron becomes coated 
with zinc and rusting is prevented. сі 

Zinc is also required for making cells for dry batteries ; it 15 
used as a substitute for lead for roofing purposes, and with 
topper it is made into the alloy called brass. 


Copper 


The extraction of copper from its ores is too difficult for us to 
treat in an elementary course. The metal is, however, one of 
considerable importance. Being a very good conductor of 
electricity it is used extensively in electrical industries. Since it 
is a good conductor of heat, it is used in making the fireboxes of 
locomotive boilers. 

Copper is a constituent of several important alloys, e.g. brass 
and bronze (copper and tin). It is used a good deal in making 
coins ; our copper coins contain 95 per cent. copper, silver coins 
40 per cent. copper, and gold coins 8-10 per cent. copper. 


Lead 


The production of lead from galena, PbS, is not an сазу 
process. Lead is rather a useful metal since it is easily worked, 
bent and soldered. It is made into pipes for carrying waters 
and sheaths for electric cables ; it is usedfor roofing purposes 
and for making accumulator plates. Lead js also a constituent 
of important alloys, e.g. with antimony it gives type metal, ап 


alloy which expands on cooling ; with tin it produces solder and 
pewter. 


Aluminium 


This metal has become one of considerable importance since 
the method of making it electrolytically was introduced. Pure 
aluminium oxide, Al;O;, is first made from the mineral bauxite. 
The oxide is dissolved in another mineral, cryolite, which is kept 
molten electrically in special cells (Fig. 135). Each cell consists 
of an iron box lined with carbon ; this box is the negative pole 
or electrode. The positive pole consists of a set of carbon 
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e 


blocks, which dip into the cryolite and aluminium oxide solution. 


During the electrolysis, aluminium is set free at the negative 
pole; the liquid metal collects at 
the bottom of the cell, from which 
it is "tapped" at intervals. 
Oxygen is liberated at the positive 
pole and the carbon blocks burn 
away so that they have to be ы, 
а d 507 

Because of their low density, 


aluminium and its alloys 65 қ . 
duralumin and magnalium, аге used in the construction of 


aircraft and parts of motors. Being a good conductor of elec- 
tricity, aluminium is used for overhead. transmission wires. 
Since aluminium is not casily corroded, it 1s made into cooking 
utensils, but these should not be cleaned with soda which attacks 
the metal, In the form of foil, aluminium is used for wrapping 
tea, sweets and cigarettes. The panelling and roofing of оша 
often consists of sheet aluminium, while the powdered metal is 


made into paint. 


CHAPTER 16 


INSECTS 
Arthropods 


Many animals are boneless, e.g. fly, worm, starfish, ri. 
Some of these have a body divided into segments, jointed е6 
and an outer armour to protect the soft inner parts. Such 
animals are called Arthropods. The group contains the crus: 
taceans (e.g. shrimps, lobsters), centipedes, millipedes, spiders 
and the most numerous of all animal classes, the insects. 


A typical insect: the cabbage white butterfly 


We can observe all the Stages of this insect by collecting 10 
May cabbage leaves with batches of yellowish eggs on the 
underside. The stems are immersed in a beaker of water an 
covered with a case, which has glass sides for the purpose Е: 
observation. About a week after they have been laid the egg 
hatch, and fresh leaves should be supplied. * aickl 

The young caterpillar feeds greedily “and grows quic 1 
particularly following a moult, when the whole outer case E 
Shed. There are several moults, since little growth, can br 
when the outer case has hardened. The caterpillar ped 
fully grown in about two months. The animal (Fig. 136) hass 
head with hard biting and chewing parts, two short antenn 
(feelers), six minute eye spots (visible only through a lens), pu 
the spinneret, a projection from the silk gland. The rest of У 
body is in thirteen segments, three forming the thorax and te 
the abdomen. It is greenish, with black spots, and has along 
the back a yellow stripe in which a lens reveals tiny breathing 
holes, the spiracles. These conduct air by a series of breata 
tubes, the tracheæ, to all parts of the interior. The d 
thoracic segments each carry a pair of short jointed legs ; fou 
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— CABBAGE BUTTERFLY. 
а) head showing proboscis. 


a ро. 136. 
» 4а) larva; (b) pupa; (c) adult female; ( 


arries a pair of claspers. 
feeding and 


d it is fully grown | 
ТАДЫ itself by а silken thread from а twig oF fence. It 
th omes short and fat, she i i d turns into a pupa (or 
соц. In this stage the insect appears 

е wriggle, but marked changes are о 


ccurring in the 
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4 nd features of the adult butterfly, or imago, become 
Еј through the thin skin. When the changes are complete the 
butterfly emerges, expands and dries its wings, and flies away. ar 
The pupal stage of insects hatched in May lasts for e n 
three weeks, the adults emerging in August and laying d 
eggs to give summer hatched caterpillars. The pup from bw 
remain in a dormant stage through the winter, and the adu 
emerge in April. 4 
The Mult buttery has two pairs of wings, the female Е. 
distinguished by three dark spots on each front wing. hs) 
antenne are long, with club-like ends (distinction from mot A 
The insect feeds by imbibing nectar through a long tube, ға 
proboscis, which is curled up when not in use. The body 
divided into thorax and abdomen, like that of the caterpillar, 
and the three thoracic segments each have a pair of jointed o 
There are no legs on the abdomen. Like the caterpillar, th 


adult has spiracles, a feature which is characteristic of insects 10 
the adult form. 


Insects 


There are more than half a million different Kinds of i 
This is more than all the other kinds of animals together. ia 
class includes butterflies and moths, bees, wasps, ants, beetles 


the housefly and gnats (mosquitoes). The characteristics 09 
insects аге-- 


(1) A body divided into head, thorax and abdomen ; 

(2) Three pairs of legs on the thorax ; 

(3) One pair of antenne ; Р 

(4) Spiracles and (гасћег. 
The adult butterfly shows all these features. The 

Many insects have life-histories similar to the butterfly. as 
young, growing stage is known as the larva, the resting stag? 
the pupa and the adult as the imago or perfect insect. 


Fleas 


Fleas form a class of insect in which there are over 500 Kinos 
Forty-six of these occur in Britain. The human flea (e %! 
irritans) is probably chiefly celebrated for its jumping ability, 
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biologically its most marked characters are its piercing and 
sucking organs, and its shape. The insect is very narrow, thus 
enabling it to pass easily between the hairs on its host. 

The flea is a parasite, living on the blood of its victim. To 
feed, it bores a hole and enlarges it by a sawing motion, saliva 
dribbling down into the wound. Blood is then sucked up bya 
pumping action of the flea’s pharynx. The irritation which 
follows is due to yeasts which enter the wound and are not 
completely reabsorbed. 

Fleas are specialists to а 
which they are parasitic. 
human flea, but this specialisat 
parasite to its own kind of host. 


limited extent as regards the host on 
Thus a dog flea is not the same as a 
ion does not altogether keep the 


Life history of fleas 
The human flea lays its whitish oval eggs in dirt and floor 
debris. The larva is a limbless maggot which forms a pupa 
after two moults. In the pupal stage it may last from а week 
to a whole winter. The adult has 
feeds at least twice a day, but can survive from one to four 
months without food. Feeding prolongs its life to eighteen 
months. -> À 
When the host of a flea dies, the flea leaves the body after it 
cools down. This feature is of importance in the spreading of 
flea-borne disease. 


The house-fly a | 
Те oue i probati the best ит а uum 
геа! Ж H А & У 
Бас d and M pues aterial. After about 24 hours 
they hatch, forming legless segmented larve (пеон ог 
" gentles ”) which move by wriggling and feed on the NE у 8 
eal In less than а week the larv® moult (ке revlon X 
9 ten ti ir original size- | 
огдег Мени ит b the skin brown and 
they turn into pupe without 27. ео 
colourless young flies emerge their Wings expan! 
their bodies darken and they г 
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"days or so. Adult flies do not grow, and in summer may live 


only a few weeks, during which a female may lay up to 800 
eggs. A few hibernate until spring and so perpetuate the race. 
In its general construction the house-fly has much in common 
with the butterfly but only the front pair of wings function in 
propelling the insect. The back wings form small club-shaped 
structures which are believed to help as balancers in flight. 


(a) egg (b) maggot 


(d) adult 
Fic. 137.—Housr-rLY. 


Insects and disease ) 


Although it is convenient to study the different kinds of living 
things separately, we must appreciate that one kind of anima 
or plant may play an important part in the life of another. Many 
flowers depend on insects to effect pollination (p. 208), 2 4 
insects concern human’ beings as carriers of disease ог ravage! 
of useful crops. non 

The great plague, which swept London and killed 25 millio 
people in Europe, was spread by rat fleas. Fleas often eum 
disease bacteria in their intestines. The fleas migrate to huma 
hosts when their original hosts are killed by the infection. 
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bacteria enter the human body when the fleas bite, and through 
skin abrasions caused by rubbing. 

The house-fly spreads disease in several ways. When a fly 
visits a solid food material it secretes enzymes which dissolve the 
food, and then sucks back the solution. The enzymes may be 
mixed with partially digested food from the fly's previous meal, 
possibly at a nearby manure or rubbish heap. The fly's feet 
carry dirt from the same place, and while feeding it may shed 
fæces (p. 51). Thus flies convey germs, some of which may be 
disease-producing types, to our food. wi 

It is pe d 2 y diseases can be prevented by killing 
insects, or by not allowing them to breed in or near the house. 
Fleas can be checked by killing rats and by keeping pets clean. 
Protection against flies is best achieved by eliminating breeding 
places near the house, and by covering food. Malaria, which is 
Spread by mosquitoes, is kept in check by dup. swampy 
grounds and spraying stagnant water with oil to kill the » 
and by protecting human beings by mosquito nets. 


CHAPTER 17 


FLOWERS, FRUITS AND SEEDS 


The structure of flowers 


The wallflower (Book I) can be used to illustrate the general 
construction of a flower, although the details apply only to the 
wallflower itself. Fig. 138 represents a section through the 
flower with the parts spread out to show them more clearly. 

The various parts of the flower grow on the receptacle. The 
outermost ring, or whorl of purplish-green sepals is called the 

calyx. The next whorl, the 

| stioma corolla, consists of coloured 
PONE ГЕНА petals and inside this again 
are the stamens, two 9 

which are surrounded 21 
their bases by the nectaries. 
Each stamen has a stalk 
the filament, bearing а lobe, 
the anther, in which the 
pollen’ grains’ develop. The 
innermost portion of the 
flower consists, of carpels. 
Fic. 138. In the wallflower these are 
joined together at tbe 

bases to form the ovary, and in the middle to form the style 
which acts as a support for their upper parts, the stigma. Whe? 


the carpels are joined together the united structure is sometimes 
called the pistil, 


Pollination 


Pollination is the transfer of pollen from the anthers to the 
stigma, and must occur before the ovules can be fertilised ап: 
206 
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form seeds. When the process takes place within one flower it 
is called self-pollination, but when pollen is transferred from one 
flower to another the term cross-pollination is used. Cross- 
pollination allows the production of new varieties of plant which 
combine characteristics from the two plants involved. Self- 
pollination, on the other hand, allows desirable characteristics to 
be preserved without alteration. Cross-pollination seems the 
more usual method, some 

plants actually having devices Female 
Which prevent self-pollination. Flowers 
In other cases self-pollination 
takes place only if cross-pol- 
lination fails. 

Pollen grains may be carried 
by the wind or by insects such 
aS bees; for the purpose of 
transfer to a second flower а 
plant usually adopts one of 
these two methods. 


Male Catkins 


Wind-pollination 

Poplar, „hazel and other 
catkin-bearing trees except the 
willow are well known 6Х- 
amples of plants whose flowers 
are wind-pollinated. “Тһе large 
quantity of pollen which they 
produce is needed in order 
that the stigmas, which are Fic. 139.—HAZEL FLOWERS. 
on separate flowers (Fig. 139), у 
тау le certain of кабо, Another feature is that the 
flowers аге not brightly .С0 
the oak are perhaps better 
pollinated flowers are inc 
Visits of insects. For the 54 
Se, The tree The pollen grains 

avoid hi the spre I 3 
ое Aint and vasily win d оло кебе stigmas 
аге spreading and feathery, 59 that pollen acne 


Female 
Flowers 


leaves in order 
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Pollination by insects 

The wallflower is usually pollinated by insects. Bees use the 
scent and colour of flowers as a guide to direction. It is thought 
that in many cases they can see colours at a considerable distance. 
An Austrian biologist trained bees to visit a dish of sugar solu- 
tion which he always placed on a piece of blue paper surrounded 
by papers of other colours. When he repeated his experiments 
but removed the dish of sugar solution, the bees again flew to 
the piece of blue paper and searched there for the food. Flowers 
are visited for the nectar, a sugary solution which the bees use 
to make honey to serve as a food store for the hive. In the 


9 anther 
с | р 
B Qm 


Fic. 140.—Burrercur, . 


A, section through flower ; B, the carpels ; C, section through а carpel 3 
D, stamen ; E, petal. 


m 


Search for nectar, pollen is rubbed off the anthers on to some 
part of the insect’s body (the head when a bee visits a wallflower). 
It is transferred thence to the stigmas of flowers whioh the insect 
subsequently visits. Bees also collect pollen as food, but on the 
whole there is a smaller production of pollen than in wind- 
pollinated plants, since less is wasted by indiscriminate scattering- 


Cross-pollination 


In the buttercup (Fig. 140) the nectaries are at the bases of 
the petals. When the flower opens, the anthers ripen, starting 
with the outer ones and gradually progressing inwards. The 
stigmas are not yet ripe, so that an insect gets pollen on its body, 
but cannot transfer it to the stigmas. If the insect visits a flower 
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the stigmas have ripened and 
Пеп from the underside of the 
le and female parts in the 


in a later stage of development, 
are touched and pollinated by ро 
insect’s body. The ripening of the ma 


Fic. 141.—PLANTAIN. 
d old flowers ; B, old flower with stamens (a) and 
flower with exposed stigma. 


A, spike with young an 
(9; C, young 


withered stigma 
arated in time, and the inner 
e stamens are ripe. In some 


buttercup are not completely 5ер 
f the two parts 


oe still have pollen when th 
ther flowers, e.g. pinks, the times of ripening 0 


(0) 


Thrum-eyed Primrose. 


56. 
Fig. 142. 


(a) Pin-eyed primro: 


and cross-pollination are therefore 
inks. ; 


are quite distinct. Both self- 
(Fig. 141), whi 


e in buttercups but not inp 
n other flowers, e.g. the plantain 


ch is wind- 
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zPemains ау 
Stigmas 


‹ —_РОРРУ 
- 145.—SILIQUA ОР Fic. 146.--Рвлз FiG. 147. 
Bra ТЕ он IN Pop. CAPSULE. 


Fruit Wall 
forming Wings 


Fic. 148.—Hazet Nur. Fic. 149.—Sycamorr FRUITS. 


Outside Shiny _ 
Juicy Pulp | Fruit 


Protecting | Wall 
"Stone" РА 


Seed 


Fic. 150.--Снвввү, Fic. 151.— 
GOOSEBERRY. 


Fic. 152.—APPLF- 


FRUITS 


variety is given by the following simp! 
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lified table in which fruit’ 


are classified according to structure (Figs. 145 to 154). 
Dry FRUITS 
Box Fnurrs. 1. Siliqua. Wallflower. 
Open when ripe to allow | 2. Pod. Pea, gorse, broom. 
escape of seeds. 3. Capsule. Poppy, pansy. 
NON -spLirtinc Fruits. | 1. Achenes (nutlets) : small. | Sunflower. 
ошаш a single seed | 2. Nuts: large, with woody | Hazel. 
which does not escape. | fruit case. Kernel is the 
seed. 
Gompounp Fruits. Sycamore. 
ivide when ripe into separate " fruitlets,” | Nasturtium. 
each containing a single seed. 
Juicy FRUITS 
Stone Fnurrs (drupes). Cherry, plum. 
е seed is the kernel. Stone, juicy part 
and skin formed from ovary Wall: = 
Stonetess Frurts (true berries). Gooseberry, currant, tomato. 
Em and pulp formed from ovary. 
ез obvious cases. е Apple, pem 
Ven 5 RO part derived from unm 
ead of 1 calle 
^ bedde 
C - trawberry (achenes ет 
Collection of hien К тотен) Lem 
+ Collection of drupes. Blac , рб 
Seed Dispersal А rcrowded, and 
. Gardeners “ thin out” seedlings which ше e remainder һауе 
discard or transplant the uprooted OMS: to food-making 
freer access to air and soil and have better а 


material and sunlight. 
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Overcrowding also affects plants in natural conditions, since 
many of them produce seed prolifically. A new kind of wheat, 
of which a single ear was grown in 1903, covered 30,000 square 
miles of Canada in 1918 and yielded 8 million tons of grain, all 


Pod twisted 
by drying 


Fic. 153.—Ехрі0510№ or Вкоом Pop. 


descended from the Single ear of 1903. The seed was spread 
by man, but many plants have special devices for the purpose. 
If the seeds fell straight to earth the seedlings would be in fierce 
competition with each other and (in many cases) with the well- 
established parent plant, both for soil-water and for air an 


Three chambered Capsule Ejection of Seeds 
Fic. 154.—Capsurg or PANSY. 


light. Dispersal of seeds Over a wider area ensures that a few 
shall propagate, even if many fall in unsuitable spots. f 

Plants show Very varied devices which ensure scattering O 
Seeds or fruits, In some cases the plant itself makes provisio” 
for the dispersal. In others the devices ensure that уто 
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ев or water shall help in the process. We must not, of, 
сна +: assume that the plant has in any Way “thought out ”? 
e devices. Rather they must have arisen by chance, and 


Waterproof 
Fruit ) Outer Covering 


Wall Fibres 
Inner Covering. 


Seed 
"ит" 


Embryo 
Fic. 155.—Coco-NUT. 


then have helped their possessors to success in the continual 


competition for breeding space. ) 
Self-dispersal is effected by many box fruits. Broom pods 


tend to uneven shrinkage as they dry, but are held in place at 
us edges. Suddenly the strain tears apart 
e two halves, the fruit explodes with an 
audible “ pop," and the separate halves curve 
into spirals (Fig. 153) and throw out the 
БЕ often to a distance of several feet. 
апзу capsules open suddenly and eject the 
seeds (Fig. 154) while poppies shake their 
seeds through pores in the capsule, a pepper- 
box effect which is "aided by wind or the 


ent in rushes and 
f these are often 
ies. The thick 
ut (Fig. 155) 
Ms the same effect, and it 25 thought that рдо, 156.—DANDE- 
Tees growing on the mudd ks of streams цох PARACHUTE 
p have originated from wat 
ind dispersal occurs with very Je ; 
Orchids, Dandelion (Fig. 156) or thistle fruits, 2 
rm (Fig. 157) have tufts а which give а P 
ect, while heavier fruits 9U* 0 : 
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г (Fig. 149) or lime have wings which enable them to be carried 
for moderate distances by the wind. 

Dispersal by animals occurs in two ways. Many fruits, such 
as avens (Fig. 158), goosegrass or burdock, have small hooks 
which catch in the fur of animals, or in the feathers of birds. 
The fruits may travel big distances before they are rubbed off. 


Single Fruit 


Head of Fruits 
Fic. 157.—WILLOW-HERB. Fic. 158.—AVENS. 


Other fruits or seeds may stick to mud on an animal’s foot and 
be transferred in this way. Thrushes spread mistletoe seeds 
by their beaks (p. 75). | 

In many juicy or fleshy fruits which are eüten by birds ог other 
animals the seeds have coats which resist the action. of digestive 
juices, and are therefore likely to be dropped at a distance from 
the parent plant. The bright colour of many such fruits, 
e.g. haws, cherries, plums, rose hips, attracts the attention o 
birds and so helps in the dispersal. 


CHAPTER 18 
HEREDITY AND EVOLUTION 


Heredity 
We 
plants prt be very surprised if we obtained a set of lettuce 
Surprised if setting somé seed peas. We should be even more 
Gus: bem our domestic cat had a litter of young pigs. In fact 
GN E is would create widespread interest well outside 
гай mily circle. It would be such a great preach of the 
It is f e “ Like begets like." 
father алев said that someone + takes after " his or her 
mme cs impl) irly marked resem- 
other A para. children © ents resemble each 
Fandom. ch more closely than un 
me кик * Like begets like," the resemblance of offspring to 
are ess ss and consequently of related offspring to each other 
and e ults of heredity which js a Very widespread phenomenon, 
xtends through the animal and plant kingdoms. 
nd sisters do not 
hair colour may 
etails are certain 


Variation 
in Eo does not beget like exactly. Brothers 2 
be As résemble each other exactly. Their 
to ESAE and even if this дозе minor d с cert 
with "e a degree of diversity. ever identical 
as twi е oak which produced the acorn, а the phrase, like 
MUS peas in a pod” is manifestly untrue when the peas are 
Tete y examined. Clearly then there аге ariations. The 
mblances of heredity are incomplete: must examine 
certaining their origins. 
same parents, fe d as 
One may 
y have light 
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hair and blue eyes. These differences are due, not to died 
in environment but to differences in inheritance. Since "ws 
of organisms are often not pure (p. 220) many variations tu 

in this manner. . Ж 
о) Even іп a pure strain, we still have variations, e.g. in NE 
These are due to differences of environment such as the es 
of the bean in the pod, or of the pod on the plant, a shady a 
sunny situation. Biologists on the whole do not believe t d 
differences of this sort have any hereditary effect. If one 
two brothers, sun-tanned by residence in Africa, has -— 
they are not noticeably darker at birth than the children of t 
brother who has remained in England. all 

(3) The two preceding causes account for most, but not is 
variations between parent and offspring. A third cause d 
known. Sometimes a kind of plant or animal which has 2269 
for generations without alteration of character, suddenly Ба 
duces offspring with some noticeable change. Red Shir e 
Poppies may produce seeds which give rise to plants with fom 
of a different colour. A pure breed of normal sheep ona 
produced a ram whose legs were so short it could not get out a 
a field with even very low fences. When such sudden change 
occur breeders call the new form a sport. Biologists describe E 
as а mutation. It is important to note that the change "e 
Sudden one, and that it is inheritable, so that an entirely e 
character is transmitted to the offspring. Many such ben 
ате known, but it must not be imagined that the changes the 
always as marked as the two just mentioned. It is naturally 
most striking mutations which are easily noticed. 


The gametes and heredity 


г 
Flowering plants Teproduce by seeds. A seed is formed E 
the fertilisation of a female gamete in the ovule by 8 begin 
gamete from the pollen cell. Similarly many animals vum, 
development after the fertilisation of à female gamete (0 the 
egg cell) by a male gamete (sperm cell). In most organi ee 
gametes are the only link between the parents and their dum has 
Even in mammals, whose young are mostly born alive, most 
been shown that the link between parent and offspring is а 
entirely by means of the gametes. 
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Ted ks hereditary factor, or gene, is usually employed to 
аи atever it is which passes from parent to offspring and 
ee fen sa particular characteristic in the latter. From what 

e just seen, it follows that these factors must be carried 


in the gametes. 


The chromosomes 

а а living cell is about to divi 

the ~ e objects, the chromosomes (Fi 

MAR The chromosomes are compos 
ures, the actual hereditary factors. 


OOO 
осте 6 


Fic. 159.21 то 6: Сеш, WITH CHRO- FiG. UE 
MOSOMES UNDERGOING ORDINARY CELL with HALF NUMBER 
Division or CHROMOSOMES. 


ide into two, а number of 
g. 139) become visible in 
ed of even smaller 
In the bodies of 


p dividuals of a givens species all the cells except the gametes 
Re the same number of chromosomes, which are arranged in 
pairs, Man has 48 chromosomes (24 pairs) pet cell. It is um 
Onstancy of'this number which is important, not its actua 
AM. The number in an onion cell is the same 45 that in the 
an ox or a guinea pig- 4 А 
e ordinary cell rrr each chromosome splits Гепарин 
а and each new ОШ full xe Ds 
ско Somes which then develop into full ones. Esas 
ori S each have the same number of hereditary 140 a 
!Binal cell; 
Со oet with this, gam 
атаа shared, no 
ins only a half number of ch 


etes are formed in such a way that 
t split. As a result each. gamete 
romosomes, іе. one set (Fig. 160). 
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^ but the union of gametes in the act of fertilisation restores the full 
number to the resulting zygote. Each parent thus contributes 
equally, by means of the factors in the gametes, to the character 


of the offspring, despite the fact that the egg cell may be many 
times larger than the sperm. 


The two packs of cards 


Every organism receives a complete set of hereditary factors 
from one parent, via the male gamete, and another set from the 
other parent, via the female gamete. It is as if these two sets 
were each a complete pack of cards. The individual then has 
two of every card in the pack. For example, there would be one 
factor for eye colour from each parent. Thus, for determining 
eye colour an individual may receive one factor for blue eyes 
and one factor for brown eyes. Will the result be an inter- 
mediate colour, or will it be just blue, or just brown ? Again, 
what will happen when this individual has descendants ? will 
they remain a mixture of blue and brown, or will it be possible 


о E back blue separate from brown, or brown separate from 
ue 


Mendelism 


Before we had any knowledge of hereditary factors, or even 
of chromosomes, an Austrian monk, Gregor Mendel, had dis 
covered the laws which describe the results of heredity in peas: 
These laws, discovered by breeding experiments in his garden, 
apply also to such different organisms as man, rhubarb, guineti 
pigs and nettles. The laws are almost universal'in the P us 
and animal kingdom, and the name “ Mendelism " has Ee 
Even to them in honour of their discoverer. The cases ie 
we are now going to consider were not investigated by Мепсё» 
but serve as illustrations of his discoveries. Jue- 

In human beings two blue-eyed parents always have b ie 
eyed children, and two brown-eyed parents, provided that t д) 
have only a brown-eyed ancestry, always have brown-eyed childre 5 
In both cases, the fact that all the children have the same €Y 


colour as their parents shows that the parents are what is kno 
as pure for eye colour. 
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On the other hand, if one parent is blue-eyed, and the other | 


aa brown, all the children have brown eyes. If two such 
ildren marry and become parents, some of their children may 
be blue, showing that the factor 


be brown-eyed, but others may 

Ter blue eyes must have been present in the brown-eyed parents. 
: É ese parents are therefore hybrid for eye colour. Since the 
қ тан factor overcomes the factor for blue eyes, causing 

e eyes with both factors to appear brown, brown. is said 
to be dominant to blue, and blue to be recessive to brown. 

Sometimes one factor is not dominant to the other. A black 
Andalusian hen mated with a white cock gives blue hybrids. 
The only essential difference here is that it is possible to recognise 
the hybrids at sight. 

Mendel also showed that it was possible to predict the pro- 
Portions of the different kinds of organisms produced, providing 
that they were in large enough numbers. This is not, of course, 
Often possible in human heredity, since the numbers ol children 
аге relatively small unless Very large numbers of families аге” 
taken into consideration. The results when this is done are as 
follows : 

(а) Pure Ъшехрше brown gives. all hybrid brown-eyed 
Children. (The sign “ x " signifies “ mated with.") 

(b) Hybrid' brown xhybrid brown gives 25 рег one P 
па eed children, 50 per cent. hybrid brown and 25 per cent. 

I€ blue, 

(с) Риге blue x hybrid brown gives 50 per cent, pure blue dnd 

Per cent. hybrid brown. 


Ап explanation of Mendelism 
The discoveries of Mendel have been expl 
У the knowledge of chromosomes and factors. eat aie 
et a capital B represent 2 ominant brown 1 а 
Small 5 represent a recessive blue factor. 
CERE has two sets of chromosomes eal $ 
Ye colour factor, B. This can be represente 
© blue-eyed parent similarly has the t 
Trastes from the brown-eyed P ent bye 
Озе from the blue-eyed parent have ші 
"rülisation produces Bb, 8 pybrid with one 


ained and extended 


е 
as ВВ (Fig. 161). 
blue factors, 
he single factor, B. 
e single factor 
own an one 
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blue factor, but, owing to dominance, the hybrid appears the 
same as a pure brown. . 

When gametes are formed by the hybrid organism Bb, the 
chromosomes are shared, giving gametes with the single factor 
B or b, but not with both. It also follows from the mechanism 
of g:mete formation that B and b are in equal numbers. There 
will be as many male gametes B as male gametes b, and the 
numbers of female gametes B and b will also be equal. А male 


Pure brown eyed male А m 
marries pure blue eye female Marriage of two ћу 


Ө © 
Male Female 
gametes gametes 1 (+) 
— 
RÀ. male 
o : Male » Fametes 
gametes 3 B 
Ө у 


Children (all hybrid) Children (1BB: 2 Bb:1bb) 
Fic. 161, Fic. 162. 


gamete B, finding and fertilising a female gamete «vill thus Y 
an equal chance of forming offspring BB or Bb (Fig. 1625 
Similarly a male gamete b has equal chances of forming offspring 
Bb or bb. Provided that the total number of offspring is eit 
enough their actual numbers will be in the same proportion % 
their chances of formation, which we have just seen are J the 
(pure brown) : 2 Bb (hybrid) : 1 bb (pure blue). This is 
same as Mendel discovered by experiment. А by 
The same result can be obtained, often more conveniently; E 
arranging the possible male and female gametes, in the wo 
proportions, along two sides of a chequered square (Fig. 16°” 


3 . MENDELISM S fae 


and completing the results of crossing in the small squares. As. 

a very simple exercise on this you should determine the results 
of crossing a hybrid Bb with one of the pure characters BB or bb. 
We should note that many cases are not as simple as that we 
have just discussed. The colour of a man’s skin, for example, 

. is governed by at least three separate pairs of factors, while five 
(or more) pairs govern hair colour in rabbits. In such cases 


b b B b 
ilt БН 


Fic. 163. 


complete analysis of the factors needs a long investigation rather 
than a series of simple observations. 


Boy or girl? "й 
When the chromosomes of а cell are ERR gon. i 

found that they are in pairs, the two members nde Lewes ing 

alike, with one exception. The males of most anu 

? ffer, in both size and shape. 


air of odd chromosotnes which di 
The smäller of these is known as the Y chromosome, and the 


larger as the X. In females on the other bane = 
Conststs of like chromosomes, both members 0! p 


i an animal with chromosome 
ofthe X type, A male is or other paired chromosomes), 


(In birds and butter-_ 
the female.) у et 


les the reverse is the case, XY Ap а deter- 
This knowledge shows us that the ^ ligation. АШ 
at the mo Half the 


Mined by the male gamete 
“male gametes carry the 
Male gametes carry the X chrom 
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some. If one of the former fertilises the ovum, the result is XX, 
or female. If one of the Y-bearing sperms fertilises the ovum, 
the result is XY, or male. These considerations also suggest 
that there should be equal numbers of males and females pro- 
ivi Е? duced. Since this is 

male 


only . approximately 
the case, other factors 
© р © must play a minor 
part, one of these 


certainly being (in the 


case of man) the 
——> lesser resistance of the 
Male 5 Female 1818 to unfayourable 
gametes 4 gametes conditions or disease. 
у © 
Practical applications 
of Mendelism 


Knowledge gained 
in the study of 
; heredity has been of 


immense importance 
to man in his breed- 
ing of plants and 
in the production of new and i d жы рано 
provide food: nd improved varieties of plants w 

une to 1921 the Sugar canes of Java were not satisfactory 
Enc d were susceptible to fungus diseasen which often 

E Ops. In that year the special Dutch laboratory for 
Plant research in Java produced a new variety. with a high “pro- 
аа of Sugar, and capable of resisting the worst plant pests 
or "ava. A simplified account of how this was done is as 
follows. 

А good cropping sugar cane which was susceptible to disease 
was crossed with a wild cane which was resistant but contained 
practically no sugar. The resulting hybrids were all susceptible 
to disease, since resistance to disease is a recessive character. 
At this point the experiment might have been abandoned but 


Females Males 


Fic. 164. 


1 
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for a knowledge of Mendelism. On i i 

various factors were reshuffled so that Е ыр PS 
varieties the factors for resistance and high yield were ce 
By 1926 the laboratory had produced sufficient of this ne pon 
to begin large-scale cultivation, and since 1928, 95 per cent OE 
Java sugar canes have been of this type. Java increased d 
sugar output in the same time from a normal crop of 10,000 kilo- 
grams per hectare to about 16,000 kilograms per hectare, E 
rose to become the second largest sugar exporting country in 


the world. 
In this country new and improved varieties of wheat have 


been produced by similar methods. By crossing a А 
grain wheat which was resistant to Velo rust c E 
pest in this country) with a good quality non-resistant type, an 
apparently useless hybrid was obtained. Ву self-fertilisation of 
these hybrids a number of different types was obtained, two of 
which, Little Joss and Yeoman, now occupy a very important 
position in English wheat production. 


Mutations 
The sudden change in à character which produces a sport or 
mutation is due to а sudden alteration in the corresponding 
hereditary factor, not to à mere rearrangement. We have no 
accurate knowledge of the methods by which many mutations 
have been brought about, but in a few cases they have been 
induced artificially by means of X-rays. We should note that 
the change which is produced is in the chromosomes of the 
dy cells of the parent. 


reproductive cells, not in the ordinary bo 5 
This is an important distinction from the “ acquired character ” 


of Lamarck’s theory (p. 231). 


relations of living things 
things his first observations 


to study living 
other features which we should call 


Even at this stage, with no apparatus 
ould see that things could be put into 
imals, and into sub-groups, such 
Some of these were so different, 


Inte 
When man began 

f their shapes and 

haracters. 


other than hi 


trees, 0! 
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e.g. men and mushrooms, that there seemed no connection 
between one and the other, except that they were both living 
organisms. 

When study progressed further, using simple apparatus such 
as a knife, more similarities were seen. Whole groups of animals 
had very similar body structures. Animals as different in appear- 


ance as man and a rabbit or bat, had a similarity in their. 


skeletons : the skull, the backbone and ribs, fore and hind limbs 
were not merely present, they were built on the same plan. The 
similarity extended to the organs: the heart, the digestive 
system, the brain and nerves, all showed a resemblance too close 
to be merely accidental. Man and ape were even more alike ; 
man and fish less, though even here the resemblances were quite 
marked. There was yet, however, no obvious relation between 
the two great classes, plants and animals. 

With a microscope even the gap between the two large groups 
was bridged. They. both consisted of the small units we са! 
cells. True, the plant cells were often rather different from 


chromosomes and the hereditary factors which they contain are 
common to plant cells and to animal cells, The resemblances 


h t of existing types from earlier forms» 
elps to account for the resemblances and differences betwee? 


organisms. 
Evolution, the key to understanding life 


Early motor cars were designed after the style of horse-draw? 
vehicles. They were slow, and a man with a red flag walked i? 


С 


| 
| 
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front to warn road users of the new danger. Fi i 

nings have evolved the modern family car Ranieri. 3 
capable of speeds of 60 m.p.h. and 300 m.p.h. respectivel Е The 
evolution of the present cars from the early curiosities ia tak 5 
only about 50 years. The evolution of present forms from the 
earliest forms of life is thought to Have occupied 500 to 1 000 
million years, while the earth in its present form has evolved 
from a mass of material torn away from the sun probably some 


2,000 million years ago. 
life came into being, or of its earliest 


We know little of how 
forms. As the earth gradually cooled down water collected on 


its surface, and, after a long time, minute living things, single 
made their appearance. How they arose 


masses of protoplasm, 

we do not know, but we believe that they arose in the seas, which 

are more suited to the life of simple organisms than land or 

even fresh water. The earliest forms were too soft to form 

fossils but from the simple living things which are now with us 
When organisms were 


we can make guesses about their nature. 
formed with harder parts, such as the cell walls of plants, or the 


hard case or bones of an animal, their remains were sometimes 
left to us in the forms we know as fossils. Fossils form one of 
the supports which strengthen our belief in the evolution of 
living things. • We should examine their evidence more closely, 


and also the other facts which help our belief. 


The evidence from fossils 
When rocks are fornfed by the settling of sediment the oldest 
layers must be the deepest. The sedimentary rocks amount to 
and the different layers contain 


layers over 40, miles in thickness, 
„the fossils of ‘animals and plants, preserved in the layer which 
e the organism died. We there- 


wasebeing laid down à 

he oldest fossils 
deepest) rocks and we can make à P! 

of living things throughout the ages. 

Is only of invertebrate animals. 


ontain fossi 
come the fishes, which are the simplest of 
phibians and reptiles. The reptiles 
Is, at first of primitive types, 
d finally by man himself. 


After them, in order, 
the vertebrates, followed by am 
followed by birds an 
r by more advanced tyP 


2 


аге 
late 


es, an 
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Each layer contains not only the new types but:also such of the 
earlier types as have survived, altered in details by the passage 
of time. Thus, the fish layer contains not only fish, but inverte- 
brates, the amphibian layer contains also fish and invertebrates, 
and so on through all the layers. Consequently the layers tell 
as, not only the order in which the types appeared, but also the 
thanges which have occurred within each type. Everyone has ' 
seen pictures (e.g. Fig. 165) of prehistoric reptiles which once 
inhabited the earth. Reptiles were then the outstanding animals, 
but more intelligent kinds, the mammals, superseded them. 
Reptiles still exist, but in different forms, and they take a place 


VFrom Beadnell's “ Picture Book of Evolution" (Watts): 
Fic. 165.—A PREHISTORIC FLYING REPTILE. 


inferior to mammals. Similarly the com:ng of man has resulted 
in the extinction of some mammals, and he occupies first place 
among those which survive, : ; 
Құра 8 place in this succession is comparatively recent. 
осегп types of man occur only within the last 20,000 years- 
Earlier types, whose skulls have been found, made flint instru- 
ments, and must therefore be regarded as men. A modern 
game hunter would probably regard one of these as a new kind 
of beast and shoot it, if by chance he met one. 

The horse has a long series of fossil ancestors forming a good 
record of progressive development. Early kinds lived in forests» 
but climatic changes formed grassy plains where concealment 
from enemies was impossible, and speed was necessary for 
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escape. The fossil record 
change in teeth to grind t 


s show a steady increase in size, a 
he harder grasses of the plains, and 


above all a change from a five-toed, slow-moving animal to the 
horse, which runs on à single hoof on each foot, surpassing our 
own attempts at speed by running on tiptoe. Fig. 166 shows 
some of the stages of this transition. 


A B c D 
1 
v 
IV 
и 
ш 
Fi. 166. 
Evidence from geography 
that Australia was once joined to Asia by 


land, the join he route taken to-day by the flying 
services, that is, from the tes via the Dutch East Indies. 
The bridge was broken 50 long 280 that many forms of present 
plants and animals hgd not originated. Australia therefore has 
-mal life different tom all other parts of the 
Rangaroos, put, unti introduced by man, no 
world, | There аге cont When these animals have been 
cd (e.g. the sheep) and even become 

ihe rabbit), so it was not unsuitability which prevented 
their development. ey had spread over other parts, but 

the long stretch of sea to Australia. 
Even the British Isles have minor examples of this sort. The 
of St. Kilda, an the voles of the Orkneys are of types 
onding mainland animals. 

St. Helena is over 1,000 miles from 
effects of isolation here are Very striking. There are no amphi- 
bians, reptiles, mammals or land birds native to the island, and 


8* 


Geographers tell us 
E si being by t 


rather 
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Е n by 
i d animals which can be seen 

' half the native plants ап 1 

tlie iraided eye occur there, but nowhere else in the world. 


Evidence from anatomy 


The forelimbs of man and frog, the wings of birds ani 2 
and the flipper of a whale are all built on the same "pem pee 
a single bone in the upper limb, two in the lower lim de 
bones at the wrist or its equivalent, and long bones * ae "es 
corresponding to the hand and fingers (Fig. 167). Ot ed 
show similar resemblances. This utilisation of a р. 
for so many types is in good agreement with the idea o = а 
tion. Birds and mammals are evolved from a common bs 
reptiles, and the common plan, inherited from their тер is 
ancestors, has remained the basis of all their general «нл 

Мап normally has no tail, but remnants of bones M 
formed a tail are present. On the nasal side of the eye aad 
has a small, useless, triangular piece of flesh. In reptiles, es 
in many birds and mammals this is a transparent cover У 
can be flicked across to clean the surface of the eye. handed 

Man’s body is quite a museum of useless structures ha a 
down from primitive ancestors. The passage from the es like 
the back of the mouth is a relic of the gill clefts in our fish- 


: = ; ures 
ancestors, but this has a new but definite use, to equalise press 
on the two sides of our eardrums, 


How has evolution occurred? 

The sum of th 
whelming. We h 
total evidence, 
how exactly it 
agreement is no 


€ evidence in favour of evolution is Fer 
ave seen but an infinitesimal fraction of but 
Evolution, to a biologist, is a proved тари ын 
has been brought about is a matter A ror 
t yet quite general. There are two main t ux at 
as to how evolution, as a natural process, has been => (а 
about. One of these was first put forward by Ташаа 
French biologist) and the other by Charles ee NT. 
theory has been modified in view of wider knowledge, bu 


: their 
Convenient to refer to the theories by the names of 
originators. 
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Forelimbs : A, bird ; P» pac ; C, whale ; D, man ; E, frog. 
Lamarck: the inheritance of acquired characters 

According to this theory 20 organism 15 affected Бу its 
surroundings, and hands on some of the effect to its progeny. 
The son of a good cricketer OF pianist 15 often a very good 
performer himself. The follower? f Lamarck would say that 
the son had benefited by the practice of the father. 
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The possibility of handing on an improvement to the пау 
generation in this way is very attractive, but most biologists lo 
not now accept this as a correct theory. They give two main 
reasons for their disbelief. 

(1) Many of the examples quoted in its favour have Eo 
shown to be incorrect, or capable of another explanation. ni 
the above example the son inherits his father’s ability, but it 1s 
disputed that he benefits by his father's practice. b 

(2) Hereditary factors are carried in the chromosomes of the 
reproductive cells, but acquired characters, as far as we can see, 


only alter ordinary body cells, such as (in the example quoted), 
the muscle and nerve cells, 


Darwinism 


In 1859 Charles Darwin published a book * The Origin of 
Species,” in which he gave his views on the ways in whic 
evolution had occurred. The three main points of his theory 
are as follows, A 

(1) There is no exact resemblance between any two organismy 
Accordingly there is variation, e.g. in intelligence, in strength, 
in ability to resist unfavourable conditions. | 

(2) АП organisms produce more young than eventually 
survive and breed. There is consequently competition, perhana 
for food, for shelter, for a place to breed. Darwin called ae 
the struggle for existence, It does not imply that the coma 
petitors necessarily fight or even consciously compete. Me 
food is scarce one may find food, eat and survive. The ot 
may die. у І 

(3) Natural selection.—In the case just discussed an anim 
with a superior sense of smell has a better chance of surge 
and so of breeding. Consequently the next generation conp 
an increased proportion of animals with the better sense ily 
smell while those with the inferior sense must be in gradua 
diminishing proportion. Жаа! 

The theory states that selection occurs and that variations a 
an advantageous nature are thereby favoured. For this to ae 
an effect on evolution it is clearly necessary that the хапае 
Shall be inherited. It is at this point that we again tread ОА 
Bround where agreement, even among biologists, is not 40 
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unanimous. We have already seen that controversy still exists > 

concerning the inheritance of variations produced by the environ- 

ment. There is also some doubt as to the extent to which the 

variations caused by reshufiling of hereditary factors (Mendelism) 

' is responsible for progress in evolution. On the other hand it 
is fairly generally agreed . that mutations are responsible for 

definite evolutionary progress, though the extent to which the 


method is effective is still doubtful. 
It is perhaps а fair summary of the views of the majority (but 


to state the following : 
ion is largely responsible for evolution. 

i is believed to be ineffective ; 
shuffling of hereditary factors is probably 
and mutation to a greater, but as 


yet unascertained extent. 

We are clearly i ition to be dogmatic as to how 
evolution has occurred, it has occurred is undis- 
putable. Future discoveries will probably throw more light on 
the methods by which evolution has taken place. 


s the admirable way in which 


ironment in which it 


Adaptation À A 
feature of the frog 1 
ited to the env 


A noticeable 
the creature “seems 19 ыра ing points : 
lives. W te the followin! ea 
YD It ib dnos ES its hind feet are webbed, 
a definite help in swimming. . . : ; 
(2) It es on a moist skin for а large proportion of its 
respiration, and it rivis in damp places. 
(3) It feeds on insects, am hing them 
ich i i for cate d ) 
s P wy a. пок, and has а dark blotched coloration 
inh ich helps 10 conceal it. 
n T which he Pr s enables us to say that a frog 


. This adaptation of 
is very well adapted to £ 1 : 
prier to their surroundings is very GUT White animals 
and birds are in a higher proportio n the p ecu Ша 
elsewhere. Their colour diminish y and heips 


n 
es loss of bo m 

2 i their prey. e dark 
to conceal them from their enemies Gr ; 
skin of the negro prevents penetration and damage by the sun's 
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[From Beadnell's “ Picture Book of Evolution” (Watts 


Fic. 168.—VaniETIES OF PIGEONS. 
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rays. Deserts contain a high proportion of succulents, plants 
such as the cacti, whose nature enables them to store large | 
quantities of water against periods of drought. 

Natural selection of advantageous variations may account for 
many of these adaptations. The white-coated animal would 
lose less heat, need less food, and therefore be more likely to 
survive the arctic winter than an animal exactly similar except 
for the colour of his coat. We should, however, be cautious and 
not dogmatic in the matter. Most desert animals are sandy 
coloured, even the nocturnal ones, where colour does not seem 
very helpful. On. the other hand, a number of black desert 
animals seem to hold their own successfully, so that processes 


other than natural selection may be at work. 


Artificial selection 
i lution by selecting and 


Man has played а direc in 6 ; 
breeding animals an plants to suit his own purposes. His part 
can be regarded as artificial selection 25 opposed to the slower 
process of natural selection. " 3 
been applied in conjunction with à knowledge of heredity, to 
i inds of sugar сат“, Я ) 

produer d ps = illustrate how quickly new 
Variis P "e obtained. There are two wild flowers, one red, 
ies may arden snapdragons. When 


lated t ü 
one yellow, closely T°" отд, On crossing is are obtained 


crossed they give à 1% j 
within пеге УБ tw sour spy. 
owing to reshuflling 0 Ee pigeons (Fig. 168) has been 

f wild bird, 


The enormous Vae y sl 
ion from а single type 9 
1 selectio gs has also been produced by 


produced byartificia #88 
the rock dove. The varie en 1 different kinds of wild 
artificial selection, but in this сазе several C1 

dogs have contributed to the variety. 


APPENDIX : 


Sreciric Heats ОР COMMON SUBSTANCES 


Substance Specific Substance Specific 
heat i heat 
Aluminium . . . 0:21 Mercury: 2... 0:033 
Bras . . . .| 0-088-0-093 Tine xm s 0:054 
Соррег 222 5. 0:093 Alcohol ES 0:55-0:65 
irony ames c 0-113 Paraffin 2 0:52-0:54 
edd Wg mis) yes 0-032 Turpentine; | 0-42-0:46 
Marble. . . . 021 Water . 2 1 


тать. E E 
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QUESTIONS 
|| 


CHAPTER 1 


(1) Name two compound 825% which will burn. Briefly describe how 
you would prepare one of them. Of what importance 11 ordinary life is the 


Bas you select? t 
(2) What is а hydrocarbon? Give examples. What substances are 
bon is burnt completely? How do you account for 
in the exhaust gases from the engine of a 


formed when a hydrocar | 
the presence of carbon monoxide in 


at coal is burnt in the retorts at the gas 


car? 
(3) Why is it incorrect to 52У th 
ux у 4) condensers, (b) scrubbers, and (c) purifiers 
are obtained from (a) 


in (Whats the ncn igs What by-products 
а Va ume four substances which are obtained from coal-tar, and give an 
account ir everyday uses. $ а 
Е uc 

(7) Trace the possible connection Pen Be earth's crust. Name four 
Rua o MN 
everyday uses. 


at of a small 


А f the 
(1) Explaire the advantages © ood. у 
ыр Shen the two are living in a dense ch plants can build carbohydrates 
42) State briefly the conditions under i 
from simple chemical CN fol experiment 7 Why are control experi- 
(3) What is meant by à © biologi ] wor j 
nca particularly necessa! in biolog ге the following 
(4) Describe ex eriments which ilU? the necessi of chlorophyll. 
ТЕЕ 5 165 ЯЗ necessity ОГ ШЕП rophyll disappears A parts of plants 
қ tc ју applic 
(5) How can the fact tha be usefully that every h 
ue are kept in complete До standpoint ШУ statement that every uman 
6) Explain, З 
action is a trans ormed surg usually open in y 
о 
(7) The stomata Г апе. Explain 


during the ho! : 
process of photosynthesis: 231 


aspects of photo- 


but remain closed 
this has for the 
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CHAPTER 4 
% 
For values of specific heats see p. 236. 


(D How much water at 200* F. must be added to 10 Ib. of water at 60° F. 
so that the temperature of the mixture is 120? Е. ? 


(2) Find the resulting temperature when the following quantities of water 
are mixed : , 


200 . at 15? C. with 140 grm. at 100* G 
(9 90 Grub at 17° C. with 40 grm. at 82? C. 


аге put into 155 grm. of petroleum 
at 13° C., the resulting temperature is 22^ C. What is the specific heat 
petroleum? 


(6) If 200 grm. of water at 10° C. are heated electrically to 28° C. in 10 mins. 
how many calories per minute pass into the water? қ ity 
When the water is replaced by an equal volume of glycerine of n 
1:2 grm. per c.c. the temperature rises from 10° C. to 30° C. in 8 mi 
Calculate the specific heat of glycerine, 


о 
(7) 25 gallons of water, for a bath, are heated from 50? F. to 100 b 
means of a gas heater. Assuming that half the heat of combustion o es 
gas goes into the water, find the Cost if the gas is charged at 9d. per the 
(1 gallon of water weighs 10 Ib.) d its 
(8) The melting-point of bismuth is 270° C., its specific heat 0-30, an ts 
latent heat 13 cals. per grm. Explain what is meant by these Rem 
How many calories are Tequired to raise 5 grm. of bismuth from 20? C. to 
melting-point and to melt it? е а into 
How many calories are required to change 50 grm. of ice at 0° C. in 
Steam at 100? C.? Я lori: 
(10) An iron ball at 100° C, is placed in the cavity of a Black's ice ca en 
meter and 16 grm. of water are formed in the cavity. What is the therm 
capacity of the ball? 


CHAPTER 5 
(1) State the kinds of food which would be specially needed in the case 
of (a) a rapidly 


: : " іса 
ri growing boy ; (b) an adult who is doing Хага physic 
work. Give your reasons, 


(2) Why is a diet conta 
hydrates, fats and proteins 
(3) What do you under: 


ining only water and carefully purified саге“ 
unsuitable for human beings ? tages 
stand by the term enzyme? What advan 
does the body obtain by the use of enzymes ? non- 
(4) Why should we chew starchy food? Suggest reasons why 
starchy food should also be chewed. В ive an 
egg contains valuable amounts of fats and proteins. Givi 
outline of the changes which occur in the digestion of a boiled egg. | 5 
(6) Outline briefly the part played by glands in the process of digo ‘on 
(7) Assume that the whole of a man’s stomach had to be remove ig 
account of some defect. Give any reasons you can why the patient mig! 


i : in 
Survive. From what inconveniences do you consider he would suffer 
later life 2 
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cooked fruits, and steamed, 
ferring wholemeal bread. 


1 QUESTIONS 


ges have fresh fruits over 
vegetables over boiled ones? Give reasons for pre 
to white bread. А d 361 

(9) Outline the functions of the large intestine. Why is it important that 
we should get rid of its contents without undue delay, and at regular intervals? 


(8) What advanta: 


9 
5 CHAPTER 6 


5 (1) Give an account of the manufa/jture of nitric acid from nitrogen, 

ydrogen, air and water. 

(2) Karne ЕА nitrates and describe how you would prepare samples of 

them in the laboratory. С 
(3) What do you know of the use of nitric 

(b) a dye? ^ | 
(4) What are the following : 

(d) cordite? 


acid in making (a) an explosive, 
(a) cellulose, (0) celluloid, (с) gun-cotton, 


CHAPTER 7 


he skin when 
(1) Why should we not scratch, оду be accom 


it itches? Why should 
panied by à decrease in 


њи] cleanliness of clothes 
Fx Lii how life may be said to depend on the destruction of living 
view of their method of 


Ns t their food 
3) How do toadstools 80 ў animals 7 
ferding, why do we regar D x ad rather ous to their hosts ? 
| Ss rasite c 
(0) In what diets поп Od hosp E ДЕ ee MM 
Ex or are even Sent to an Бор рін Rich can be used 10 free a solid 
(6) Give ај account O 
y don germs. Я ff a town large-scale water supply over the, 
hat are t 2 
use of a number of small private Wee be used to 
(8) Explain the process whic 
which are to be used as H Processes which are carrie 


(9) Describe two use 
. 


destroy germs in materials 


CHAPTER 8 

d i b) a spring balance to 

41) Describe how you would use @ “а хее Cg the nch. 

find the force require just ta is a Wheelbarrow ont ig Mee than one, 
(2) Why is it easier to bala x the reverse conditions" 

and to тапаните mer d unde rdboard tring ite Da ote in 

fine lotion entre of point of the base, mentally. 

detail how you would veri 
(4) Explain why it 1$ alm nim action 

4 (5) Indicate and describe 138). Р of levers : (а) tyre-lever in 
Geryk ” pump (Book 1, P- he following types for electric light, (4) spade 
(6) Classify, with IEEE (9 tumbler Site 

use, (Б) oar of a rowing 004» 

used in digging. 2 


LJ 


this experi a pencil on its point. 
fy t impossible 9) balle machines used in a 
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er lies on the ground perpendicular to a wall. A man raises 
Sed a vertical position by lifting the end further from the wall zo 
walking towards the wall. Explain, with diagrams, how the ladder behav 
i ifferent orders of levers. 
Шана: metre scale, pivoted at its mid-point, has 100 grm. suspended from 
the 10 cm. mark and 300 grm. from the 90 cm. mark. From what poi 
must а 400-grm. weight be suspended for the scale to balance? E 
(9) Is the mechanical advantage of a pair of scissors constant? Explain. 
(10) Explain the terms mechanical advantage, velocity ratio, efficiency 
What is the efficiency of a machine; whose mechanical advantage is 15 an 
velocity ratio 20? , 20 
(11) (а) How would you select and arrange two cog-wheels to give Е 
velocity ratio of 52 (5) Do the cog-wheels of a clock increase or decreas 
the mechanical advantage? d 
(12) Sketch a block and tackle having three pulleys in each block аде 
deduce its velocity ratio. If an effort of 20 Ib. raises a load of 90 1b., calcula 
(a) the mechanical advantage, (5) the efficiency. 4 a 
(13) A man weighing 10 stone carries a load of 36 Ib. up a flight of stairs 


of vertical height 30 ft. in 8 secs. At what power does he work? What 
percentage of the work done is useful? 


CHAPTER 9 
(1) Describe four examples which prove that a moving object possesses 
energy. | 


(2) Describe the energy changes which occur when a ball bounces. Why 
are successive rebounds less high? 


(3) Summarise the evidence that heat is a form of energy. 
(4) Show that the heat given off by an electric radiator is derived from the 
sun. 


. (5) A rock weighing 80 Ib. falls through a vertical height of 389 ft. If al 

its energy is converted into heat on impact with the ground, how much hea 

will be produced? [778 ft.-lb.=1 B.Th.U.] e 
(6) An electric lamp is marked 210 volts, 100 watts. What до thes 

figures mean? What Current does it take? What is its resistance? 

how long can the lamp be used for the consumption of 1 * unit"? t 
(7) An electric motor, run from 200 volts supply, takes 15 amps. of current 


At what rate is energy supplied? ‘If it delivers 3 H.P., what is its efficiency 
[746 watts=1 H.P.] 


(8) A heating coil, immersed in 200 grm. of water, causes the temperature 
To rise at the rate of 1° C. per minute. Тһе current in the coil is 1 E 
and the pressure difference across it 14 volts. How many joules аге equivale! 
to 1 calorie? 


(9) Explain why the terrestrial supply of energy gradually becomes 
unavailable. , Describe one way in which a new supply is obtained. 
(10) Explain why green plants are essential to animal life. 


CHAPTER 10 To 
(1) A model yacht was becalmed near the middle of a large pond. , cise 
recover it, the owner threw stones into the water near the yacht. Criti 
this action. 
(2) Which 


oi e i 7 
у particles in а wave-form are travelling (a) fastest, (b) slowest 
What is the distance between two consecutive particles in (a)? 
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sea-shore you will notice that they 
account for this? 
iter broadcasting on 


у 
(3) If you watch the waves near the 
bunch together as they approach the shore. Can you 

(4) Calculate the frequency of à wireless transmi 
wave-lengths of (a) 30 metres, (0) 480 metres. 

(5) State two reasons why it is difficult to produce. absolute silence of the 
electric bell operating in the « evacuated ” bell-jar (Fig. 72). 

(6) When sound waves pass through ait, which are the regions of 
(a) greatest density, (0) "ormal density, (с) least density of the air? Trace 
the séquence of density values іп any particular region. . 

(7) When sound waves Pass througt [as what is the distance between the 
centres of (a) consecutive regions of 21 test density, (b) consecutive regions 
of greatest and least density? Give reasons for your answers, 

(8) If a note sounding with a freduency of 256 per sec. be regarded as 
doh, calculate the frequencies of me, soh and doh! based on this original 
n Calculate also the frequencies of me!, soh! and doh!! in the scale 
of the next hi ave. d 3 

(9) A ipe at a distance of 405 ft. from à high cliff. If there is 
to be a silent interval of 0:5 sec. between the true sound and the echo, for 
what time may the horn ed? Ifthe frequency 15 384 per sec., how 
ПАО will be propagated Пот yr d 4 

Velocity of sound Rl pileh, ef a produced ap water wees 

er 2 пдег stant ” 
noisily from an open (ар 1 В LE 4 public hall in London, listeners 

r the reproduced sounds before 


(11) When a concert 15 0; 
iti hea! 
of th British Be rs the actual sounds, How is this 


at home in any ра! 
the audience at the back of the hall hea 
explained? 
CHAPTER 11 
ire cage containing à pet animal, how 
obtained without photographing 


(1) If it is, not poss! ~ 
may a clear photograph f the annd the camera? 
Ago wires between the ee rained with an ordinary camera are very 
Explain wh otogt А nt. 
much smaller Tas the objects vi mo em into a house complained 
055 boy, perder 49 1% i A you explain his disadvantage and why is 
: cou art d 
it rw removed? * гог of à саг 
the driving mi d u: 
Why is a ccavex mirror ot suitable fof cans of à 
(5) A small object is to be ite viewed at & distance ane 
oss cm. If the imate е placed, and ма, js the magnification pro- 
ere mus! e P of your diast ih 
duce | struction th a concave lens for the 
шсед? Explain (Не comectacles construct, eft eye. Comment on his 


(6) A person wears spec! Jass 
i lane £ 
Ded on 4 microscope should 


е vehicle, itis a plane mirror. 


right eye and а an 
SX Explain fally why фе objective 9/4 omg 
Explain fully doo yet 
ae avery short focal а ја with concave tenses lig. Сор іп why 
(8) Some people use spec 2с 10079, especially 
do not need 19 YER ing ich is held about 36 in. from his 
ain сагећ ly. 


them indoors: „зарег wbi 
[T news gn? PP! 


they can discard 
(9) If a person 
eyes, does it follo 
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о CHAPTER 12 


(1) Explain why (a) the blade of a skate should be narrow, and (5) the 
runners of a sleigh fairly broad. 

(2) If the weight of a cubic foot of water is 62-5 Ib., calculate the pressure 
on the base of a reservoir in which the water is 50 ft. deep. State the value 
in (a) tons per sq. ft., (5) Ib. per sq. in. 

(3) What conclusion may be drawn about the value of pressure at 
different levels in a liquid, by observing the curvatures of the streams issuing 
from the reservoir in Expt. B, р. 152? : 

(4) F the density of mercury is 13^? grm. per c.c., calculate the atmospheric 
pressure when the height of the barometer is 73 cm. From your result, 
deduce the height of a water columm.exerting the same pressure, and point 
out why mercury is the only liquid really convenient for use in barometers. 

(5) In repeating the process of finding the density ef oil by means of a 

U-tube, а boy added more oil to the wrong limb. Is it possible still to 


U-tube or Hare's apparatus if the tubes are tilted? , 

_(8) Some mercury is Poured into a U-tube, and a column of water 45 cm. 
high on the mercury in one limb causes the surface in the other limb to rise 
1:65 cm. Calculate the density of mercury. Do you consider the U-tube 


pour water into the top of the cylinder before the pump will work satis- 
factorily. What explanation do you offer for this procedure? 
(13) Explain Why a siphon could not empty a tan" containing water to а 


. (14) A sealed celluloid ** diver” is constructed so that it rests vertically 
immersed with the tip of its head just at the surface of some water which 
nearly fills a gas jar. А thin sheet of rubber is stretched and securely bouP 
Over the top of the jar to make it airtight. Why does the diver sink when 
this rubber sheet is Pressed inwards? ; а 

(15) On a bench, two similar blocks of wood, 6 in. x 4 in. x 3 in. an 
weighing 30 oz., are placed about i in. apart with their largest surfaces 

4 54. in.) vertical and parallel. А paper bag is inserted between the blocks 
and inflated from a boy's lungs. Explain why the blocks topple over. 


CHAPTER 13 


(1) Give an account of the American process for extracting sulphur. A 
(2) If you hold a lump of roll sulphur in your warm hand, the sulphU 
Cracks. Explain why this happens. | 


© 


— nA 
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3) How do А 
whether you account for the tarnishing of silver objects? 
you would expect tarnishing to be ROLE COR Statc 
Hm D Wh ; give reasons. Е mone neared ал coun) or 
become bck? a silver coin which is kept in contact with an india-rubber 
И what i i 
C) bicycle Per NS is sulphur connected with (a) plants, (b) matches, 
Sulphur dioxide i: i у i 
t ) oxide is à bleaching agent. What does this mean? Explai 
EN m action. Why do straw hets become yellow with age? Explain 
pui hat is chemical wood-pulp? -fow does it differ from the wood 
(9) used for newspapers? 5 
M о Starting with sulphur, describe bow you 
Нас sulphuric acid. Quote 'one test 
©) Da prove that it is concentrated sulphuric acid. 
) cribe how' you would prepare some copper sulphate c 
surdus with copper and concentrated sulphuric acid. [Black суға 
phide does not dissolve іп water- MM. 
f the use of sulphuric acid in making (а) an 


(10) What do you know 0 
lubricating oil, and (c) sweets 


CHAPTER 14 
h (1) Starting with rock salt, describe how you would рге 
ydrochloric acid. қ 4 
а (2) Мате апу four sal cluding common salt) which are used in every- 
ay life, and give an account of of each salt you select. 
ы? Explain, so far as you can, what happens in (a) exposing, (b) develop- 
, and (с) fixi. tographic print. і 
» Describe ing, a PhO old obtain Dime chlorine from common salt. 
6-5) How would you attempt 10 make 2 ee of bleaching powder? 
w would ou at each a piece o7 Обе M 1. 
(b (6) What you ect between chlorine and (а) a car fire-extinguisher, 
) the prevention of disease? 


artificial manure, (5) 


pare concentrated 


CHAPTER 16 
(D Wh there in knowing the life- 
pest ? па алела e by reference toa particular In" e 
ene In whaf ways сап insects Cause disease * n 
ployed to reduce the danger ? , 
%3) Make a list of insects which cause ar ef = 
Property; domestic animals OF crops: 
used in each case. d in num effectively 2 Which are the best 
be reduced iP Wating " is ма kill house-flies, best 
Я ош? Give your reasons. 


L4 
history of an insect 


an by damaging his 
how the damage is 


(4) How can flies 
methods to use, and why? 1 1 
time of the усаг is it most vaefully carried 
' — СНАРТЕН 18 
brown and to blue 


rent kinds of 


ive both to 
recessive 90 What different 
ssing brown- 


(1) Lack of pigment (albinism). is jn. 
52120002; Ms blue is rS proportion, when сто 
als would you ехре“% 
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-eyed and blue-eyed individuals each of which carries a recessive albino 

2 

face) What advantages has a breeder of plants (e.g. potatoes) over an 

imal breeder ? E. 

an) Explain separately the parts played by (a) heredity, and (5) end 
ment (e.g. education, upbringing, feeding, in determining the mental ai 
ihysical development of a boy or«irl. de 

E 0) State briefly any reasons you tave for believing that gradual chines 
in the nature of living things on the earth have taken place during”a lo 
period of time. |" 


(5) If you wish to breed hens fċ* egg production, why is it desirable 10 
start with pedigree birds rather 


бап with a miscellaneous collection of 
prolific egg layers ? y 


Suggest ways in which scientific knowledge can enable a given part 
of the earth to feed a larger population than hitherto. < 


(7) To what extent do you consider that the struggle for existence in io 
resembles that among other animals ? What differences are there in t 
two cases ? A 

(8) Suggest methods by which the truth or otherwise of Lamarck’s theory 
of inheritance might be investigated experimentally. w- 

(9) A few very successful plant and animal breeders have had no kno e 
ledge-of Mendelism. Suggest reasons why Mendel’s discoveries are neve 
meio 5) importance to the breeding industries. 


hat differences from its actual population of native animals would 
you expect to find if Australia were joined to Asia by land ? 
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Abdomen, 48 
Absorption of food, 50 


Accumulator, 07 
Acquired characters, 225, 231 


Adaptation, 233 * 


Air pumps, 
Angle of vision, 145 
Aniline, 58 
Antiseptics, 6 
Arthropods, 
s and plants, 229 


Australian animal: 


Bacteria, 62-69 

Barley, 25 

Benzene, 11 

Bile, 49 

Block and tackle, 91 
Board of Trade Unit, 111 
Bourdon gauge, 

Boyle's law, 1 
Buttercup, 2! 
Butterfly, 2 
B.Th.U., 28 
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Calorie, 28 
Calorific values, 34 2 
Camera, 135 
Cane-sugar, 5 
Carbohydrates, 
48-49 s 
Carbon assimilation, 
Garbon cycle, 20-27, 
JOE 


а 
14, 20-24, 40-41, 


Caustic.soda, 
Cell, electric, 
Celluloid, 6 А 
Cellulose, ЈЕ 

Centre of gravity; 83 

Chile saltpetre, 

Chlorides, ! 

Chlorine, 190-192 


|Ehlorophyll, 20-24 
Chromosomes, 219-22 


(Chrysalis, 201 


Coal-gas, 

Coal-tar, 11 

Cog-wheels, 89 

Concave lens, 140, 141, 148 
Convex mirror, 137-140 
Coulomb, 110 

Creosote, 11 

Crova’s disc, 124 


Darwinism, 232-233 
Deep-sea diving, 157 
Dun sight, 142 

ensity by Hare's а arat 
— by U-tube, 154 рро 
Diastase, 25 
Digestion, 
Disc siren, 1 8 
Disease, 67, 70, 73, 204 
Disinfectants, 66 
Dispersal of seei s and fruits, 213- 
Dodder, 75 ibs 213218 
Dominant, 


Echoes, 126 

Efficiency of heat engines, 109 
— of machines, 9. 

Endosperm, 211 

Energy, 97, 98, 102, 113 
—, conservation of, 11 
= transformation of, 


Engines, petrol, 1 3 


246 INDEX с + | 
ilisati 211, 218, 221 Light, and formation of carbo- | 
Бейшенов, à hydrates, 21-24, 113 | 
Flowers, 206-211 Light rays (revision), 134 
Food as fuel, 34, 40 Liver, 48 
— of man, 39-43 Lymph, 50 
— of plants, 18-27 | 
Force, 77 ` Machines, 86-96 
—, turning power of, 78 * | Malt, 25 a 
— and pressure, 150 _| Mechanical advantage, 86 © | | 
Forces, parallel, 82 | | — equivalent of heat, 108 | 
Forelimbs compared, 230-231 | Melting point, 37 
Fossils, 227 + | Mendelism, 220-225 | 
Frequency, 127 1 Metals, 196-199 
— of stretched strings, 129 | Methane, 4 | 
Fruits, 211-216 Microscopes, 145, 146 | 
Fungi, 73-75 Milk, 43, 64, 65-66 | 
Mistletoe, 75 fj ' 
Gall bladder, 48 oments, law of, | 
Gametes, 218-224 Moulds, 70-73 
Gas liquor, 9, 11 Mucor, 7i 
— mains pressure, 156 Mutations, 218, 225, 233 
Genes, 219 Mycelium, 72 | 
Glands, 47-49 | 
Glucose, 14 Naphthalene, 11 
Gullet, 49 Nectar, 208 | 
Nitrates, 57 Bates | 
Nitric acid, 52— 
Hare's apparatus, 155 пасивно a ! 
Heredity, 217-225, 232-235 Nitro oster 4 


Horse, 228 
Horse-power, 96 
House fly, 203-205 
Hydrocarbons, 4 : 
Hydrochloric acid, 186 
Hydrogen chloride, 185 
Hydrolysis, 45 

Hypha, 72 


Images (revision), 135 

Inertia, 77 

Insects, 200-205 

Internal combustion engine, 102 
Intestines, 47-51 


Joule, 99 
Joule, the, 110 
Joule’s equivalent, 108, 109, 111 


Lacteals, 50 

Lamarck, 231 

Larva, 201-203 

Latent heat, 35-37 
Lever, orders of, 87-89 
—, principle of, 80 


Nitrogen cycle, 68 
— peroxide, 54 
Nitroglycerine, 60 


Organ pipes, 133 
Origin of species, 232 5 
Oxygen from green plants, 19, 22 D 


| 
| 
Pancreas, 4C | 
Paraffin, 13 
Parasites, 63–/6 
Pasteurisation, 65-66 „ 
Pepsin, 49 
Petrol, 13 б | 
Petroleum, 12 Р 
Pharynx, 47 | 
Phenol, 11 
Photography, 188 || 
Photosynthesis, 22-24 | 
Picric aciū, 60 
Pigeons (varieties), 234-235 
Pitch (from tar), 11 
— (sound) 127  * 
Plant breeding, 224 
Plantain, 209 
Plants and their food, 18-27 | 
e 


Polarisation of cells, 106 
Pollination, 206-211 

* Portal vein, 50 
Power, 96 
—, electrical, 110 
Pressure, 150, 151 
—, atmospheric, 154 
—, law for gases, 163 
Primrose, 209-210 4 
Producer-gas, 4 
Proteins, 16, 40-41, 49 
Ptyalin, 45-48 
Pulleys, 90 
Pupa, 201-202 : EY 


Recessive, 221 ~ 
Reptiles, prehistoric, 228 
Resonance, 131 

Root nodules, 69 


Salt, common, 184 

Salts, as foodstuffs, 42 

Saprophytes; 62-75 

Screw, 94 

Seeds, 211-216 

Selection, artificial, 235 

—, natural, 232 

Sex determination, 223 

Siphon, 170 Р 

Snapdragon, varieties, 235 

Soap, 193 

Sodium hydroxide, 193 

Solidification, 36 

Sonometer, 129 

Sound, source, 119 

—, waves, 123 dina 

Specific heat, 31 a 

Spontaneous generation, 64 

Spores, 64, 72 

Starch, 15 

in plants, 20-25 

Steelyard, 81 
_Sterilisation, 64-66 

Stomach, 46, 47, 49 


© 


INDEX 


Storage of gases, 165 
Struggle for existence, 232 
Suffgrs, 14 

Sulpàates, 181 

Sulphur, 173-175 

— dioxide, 176, 178 
SÉlphuric acid, 178-180, 182 
Sulphurous acid, 177 
uperphosphate, 182 
'ymbiosis, 69, 70 


Teeth, 47 
Telescopes, 146-148 
Thermal capacity, 30 
Toluene, 11 

T.N.T., 60 

Turbines, steam, 101 
—, water, 161 


Variation, 217, 225 
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Velocity of electro-magnetic waves, 


118 
— of sound, 124 
— ratio, 86 
Villi, 48, 50 
Viruses, 70 
Vitamins, 42-43 
Vulcanisation, 175 


Water-gas, 4 

Water pumps, 166 
— supply, 159 

— wheels, 160 

Watt, the, 110 

Wave motion, 114 
— —, longitudinal, 122 
— —, transverse, 115 
Wheels, use of, 89 
Willow catkins, 210 
Winch, 89 

Work, 92 


Yeast, 70 
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